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ACTINOMYCES SEPTICUS FROM HUMAN ENDOCARDITIS 


ANNE BLEvins, R.N., AND Warp J. Mac Neat, M.D. 
New York, N. Y. 

HE microorganism concerned in the present study was obtained in pure 

culture on four oceasions, Feb. 2, 7, 26, and 28, 1944, from the cireulating 
blood of J. R., a patient whose case was reported by Mac Neal, Blevins and 
Duryee.' The patient was desperately ill and was believed to be suffering from 
bacterial endocarditis with vegetation on the mitral valve and multiple embolic 
lesions involving the skin, mucous membranes, and brain. 

In the original cultures from the patient’s blood the microbie growth was 
recognized after incubation at 37° C. for ninety-six hours. On the plates of 
agar mixed with the patient’s blood the colony eventually attained a diameter 
of 2 millimeters. It remained dry and seemed to become more thin and flat with 
age. An entire colony could be picked up on the end of the needle. In the 
original bottles of broth inoculated with the patient’s blood, the colonies ap- 
peared as granular balls at the bottom of the broth on the surface of the layer 
of sedimented corpuscles. These colonies could easily be removed entire by the 
use of a capillary tube. In subcultures on slants of blood agar enriched with 
dextrose the growth was luxuriant and ‘creamy in consistency. Continued 
propagation on this medium was easy. Weekly transplantation was necessary 
at first, but, after two months, transplantation once a month proved to be 
quite adequate for maintenance. On meat-infusion agar the growth was dry, 
scant, and unpigmented. On Sabouraud’s medium and on Loffier’s serum, 
erowth was likewise sparse and delicate. In dextrose broth and in neopeptone 
broth there was produced at the bottom of the tube a granular sediment which 
occasionally extended along the side wall of the tube. After prolonged eultiva- 
tion on artificial media the sediment in these cultures tended to become smoother, 
and after cultivation for several months the organism grew as a heavy sediment 
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with slight general clouding of the supernatant broth in forty-eight hours. 
Pellicle formation was not observed. It would seem that the gradual adaptation 
to growth in these eulture media had been associated with a tolerance of increased 
oxygen in the environmental medium, perhaps merely because of greater growth 
vigor. On potato, raw or cooked, the growth was secant and without pigmenta- 
tion. The culture growth in gelatin at 37° C. for two weeks permitted the gela- 
tin to congeal on cooling. Milk used as a culture medium was coagulated in 
twenty-four hours. Dextrose, saccharose, maltose and manni‘e were fermented 
with production of acid without gas. Lactose, salicin, raffinose and inulin were 
not fermented. <A broth culture one week old heated at 75° C. for fifteen min- 
utes could not be subcultured although the unheated control remained viable. 
No motility could be observed and no acid-fast elements could be found. In 
young cultures the filaments were in part gram-positive. After ninety-six hours 
in broth these filaments became predominantly gram-negative. 

The inoculation of rabbits, guinea pigs and mice neither gave rise to gross 
lesions nor caused death. After intravenous injection of the culture into mice 
and rabbits, multiple microscopic nodes of consolidation with neerotie centers 
were observed in the lungs, but the microbes were not recovered from these 
nodes and the attempts to demonstrate their presence by staining sections of 
lung were not successful. It is probable, however, that diligent repetition of 
these experiments and the use of different time intervals after inoculation would 
permit recovery of the organisms in culture and their detection in the tissue sec- 
tions. Our studies, so far, have shown merely production of microscopic nodules 
and the lack of actively invasive pathogenic properties for the small animals. 

Although the production of pigment has not been observed with certainty 
in any culture, the later maintenance cultures on slants of blood agar have shown 
a pale pink tint which is still evident when the colony is removed and spread onto 
white paper. The tint is simi'ar to that in the condensation liquid at the bottom 
of the blood agar slant and may possibly be due to imbibition of the blood 
pigment by the bacterial colony without alteration of the hemoglobin. 

The morphologie appearance of the organism under the microscope is shown 
in Fig. 1, in which are represented portions of mycelial growth seen in two dif- 
ferent microscopic fields. The preparation was made from a culture in neo- 
peptone dextrose broth enriched with ascitie fluid, developed for forty-eight 
hours at 37° C., smeared on slides, fixed by flame, and stained by Gram’s method. 
There is a branching nonseptate filament which tends to produce a tangled in- 
terwoven meshwork. The individual thread is extremely variable in diameter. 
The fact that portions are very slender suggests that the substance of the thread 
possesses a ductile quality which permits it to become extremely tenuous. At 
variable intervals there are round, ovoid, olivary, or more elongated masses which 
retain the intense violet stain. These masses attain a transverse diameter of 
1 to 1.5 microns and as a rule are sharply defined. The intermediate portions 
of the filament are gram-negative, but not uniformly so, for in places there are 
minute granules in the substance which retain the violet dye to a variable degree. 
As the culture becomes older, the gram-positive elements become relatively less 
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abundant and the gram-negative portions of the filament become relatively 
more conspicuous. The relation of the different types of substance in the fila- 
ment and their biologie significance have not been fully elucidated. When 
stained with earbolfuchsin and decolorized with acids, the threads are bleached. 
No acid-fast portions have been found in young or in old cultures. Even after 
long cultivation on artificial media the mycelium tends to remain undivided. 
Individual bacillary and coccoid elements occur but they are not conspicuously 
abundant. 

The behavior of this organism in the presence of anti-infectious agents is 
a matter of practical importance. After repeated transplantation to promote 
vigorous growth this organism was introduced into neopeptone buffered broth 
enriched with dextrose and ascitic fluid. An adequate inoculation produced 
abundant growth in twenty-four hours. A series of tubes was prepared contain- 
ing this medium and progressively smaller amounts of penicillin. The first 
tube contained 50 Oxford units of penicillin in a total volume of 10 ml., repre- 
senting 500 units per 100 ml.; the next contained a concentration representing 250 
units per 100 milliliters. The concentrations in the remaining tubes represented 
125, 63, 32, 16, 8, 4, 2, 1, and 0.5 units per 100 ml.; the last tube, a control, con- 
tained no penicillin. On February 28, a qualitative result indicated a definite 
inhibition of growth by penicillin, but growth of the organism was not vigorous 
enough for quantitative readings. On March 12 complete inhibition of macro- 
scopic growth was observed through the series to and including the tube con- 
taining 1 unit in 100 ml. of medium, or 0.01 unit per milliliter. A parallel 
series of tubes inoculated with the staphylococcus (F.D.A. 209) showed com- 
plete inhibition in a dilution of 2 units per 100 ml., or 0.02 units per milliliter. 
After much longer cultivation of the actinomyces in vitro it was found that 4 
units of penicillin per 100 ml. were required to inhibit macroscopic growth. 
This variation was evidently related to the acquired vigor of growth in culture 
media, which was quite pronounced with this microbe. Sodium bismuth thio- 
glyeollate (thiobismol), 1 mg. in 100 ml. of medium, was germicidal to this 
actinomyces; 0.1 mg. in 100 ml. caused inhibition of macroscopic growth and 
0.01 mg. per 100 ml. caused slight inhibition of growth as compared with the 
control tube. This result was obtained with a vigorous culture on Sept. 12, 
1944. 

This organism may be placed with confidence in the order of Aectino- 
mycetales (Buchanan?) and perhaps with less certainty in the family Actino- 
myeetaceae (Buchanan?). Generic classification within this family is still some- 
what unsettled. The renewed interest in this group of microbes which has come 
about in part because of the search for biologie anti-infectious agents may bring 
advances in knowledge of the entire order which will permit a revision of the 
classification and nomenclature. Recently Waksman and Henrici*® have recog- 
nized two genera, chiefly on the basis of oxygen requirements for growth, 
Actinomyces, ineluding strictly anaerobic organisms, and Nocardia, including 
the aerobic forms. Unfortunately some of the pathogenic types of these fila- 
mentous bacteria seem to be anaerobie or micro-aerophilie when recently taken 
from the body of the host, but are able to adapt themselves after a time so that 
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vigorous growth in culture media takes place under either anaerobie or aerobic 
conditions. These authors have furthermore proposed a new family, Strepto- 
mycetaceae, to which some of these bacteria would be transferred. Pending 
further clarification of the matter, we would place our organism in the family 
Actinomyeetales (Buchanan) and in the old genus Actinomyces (Harz, 1877) 
rather than in the new genus Streptomyces (Waksman and Henrici, 1943). 

Specific designation presents even more difficulty. The many morphologic 
and physiologic features of organisms in this group require more study to en- 
sure certainty as to constancy in a given instance and their reliability as a basis 
for recognition of valid species. 

So far as we have been able to ascertain, there is no previously recorded 
example of the clinical disease observed in the patient J. R. There are records 
of generalized infection with filamentous bacteria, some of which seem to be 
closely related. In 1907 Loéhlein* observed at necropsy an individual with gen- 
eralized streptotrichosis evidently originating in the respiratory tract and ex- 
tending through the blood stream to invade all the viscera. Cultures of the blood 
during life were negative, including the one taken forty-eight hours before 
death. At the post-mortem examination two days after death an agar plate in- 
oculated with only three drops of heart’s blood vielded countless colonies of the 
filamentous microbe. This microbe was also found in the metastatic abscesses 
throughout the body and in the large primary abscess in the lung. The or- 
ganism was partially acid-fast; it liquefied gelatin and produced yellow pig- 
ment. In 1925 Thjgtta and Gundersen’ reported isolation of a streptothrix 
from the blood of a patient with severe rheumatism. After incubation for two 
weeks the growth appeared as woolly colonies on the bottom of the culture flask 
and then extended along the wall to the surface, where it spread as a white, 
sealy pellicle. The authors thought that this streptothrix did not cause the 
disease. 

Actinobacillus ligniéresi (Brumpt) was obtained in blood culture during 
life from a patient who appeared to have endocarditis, first by Thompson and 
Willius® and later, in the same patient, by Lawrence, Neuhauser, and Howell.’ 
This organism was classified in the order Actinomycetales and in the genus 
Actinobacillus. The growth in culture consists of gram-negative rods. The 
organism is obviously quite distinct from the filamentous organism in our patient. 

Biggart® found a filamentous organism in an abscess of the thigh and in 
the metastatic pyemic lesions throughout the body of a patient at necropsy. The 
microbe was aerobic and liquefied gelatin. The author recognized it as Actino- 
myces graminis (Bostroem). In some respects the organism from our patient 
resembles this. However, our organism is not adherent to the agar medium, does 
not liquefy gelatin, and has not produced pigment on potato, nutrient agar or 
Sabouraud’s medium: it grows by preference beneath the surface of the medium 
as a micro-aerophil and may without question be accepted as pathogenic. The 
clinical features of the disease in which it has been recognized as the pathogenic 
agent have been so unique that they require some consideration in classification 
of the microbe. 
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We?’ have, therefore, tentatively designated this organism as Actinomyces 
septicus, nov. spee., pending further advances in the study of the entire biologic 


group. 
SUMMARY 


1. A branching filamentous organism was obtained on four occasions during 
February, 1944, in cultures of blood from a patient with bacterial endocarditis. 

2. This organism exhibited the characteristics of a micro-aerophili¢ actino- 
myees, irregularly gram-positive and not acid-fast. 

3. It was susceptible to the action of penicillin but became more resistant 
to this agent after prolonged cultivation in vitro. 

4. Bacteria belonging to the Actinomycetaceae have been reported in cul- 
tures of the blood during life infrequently. The present microbe is evidently 
different from these. 

5. The name Actinomyces septicus, nov. spec., has been tentatively suggested. 
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CLINICAL ARREST OF ENDOCARDIAL ACTINOMYCOSIS AFTER 
FORTY-FOUR MILLION UNITS OF PENICILLIN 


Warp J. Mac Nea, M.D., ANNE BLevins, R.N., A. Witspur Duryer, M.D. 
New York, N. Y. 


P gg the many microbes which have been incriminated as causative agents 
in the bacterial types of human endocarditis, the filamentous bacteria 
commonly designated as actinomyeetes have received rather secant attention. 
Perry' in his monograph on bacterial endocarditis does not mention actinomyeces. 
Thjétta and Gundersen,” in 1925, reported isolating from the circulating blood 
of a patient a slowly developing filamentous organism which they placed in the 
genus Cohnistreptothrix in the family of the Actinomycetales. The patient 
survived a prolonged illness considered to be typical rheumatie fever, and the 
presence of the filamentous bacteria was regarded as merely incidental and 
harmless. Cornell and Shookhoff,* in 1944, reported three examples of cardiae 
actinomycosis, in each of which the infection evidently reached the heart by 
direct extension from adjacent structures such as the esophagus or the lung. 
These authors found reports of 68 cases of cardiac actinomycosis in the litera- 
ture, to which they added their own three, and, in a supplementary note, two 
more. In most of these cases, the infection involved the pericardium and 
myocardium by extension, but there were 19 pyemie infections. The endo- 
cardium was involved in approximately 18 cases, sometimes by extension 
through the myocardium. Among these 68 patients, recovery was observed 
in only one, the patient of Bigland and Sergeant,* in whom an actinomycotie 
empyema involving the pericardium was treated successfully by thoracotomy. 

A filamentous organism belonging in this general group was obtained by 
Custis, Halley, and Bacon® in cultures of the circulating blood in a patient 
with mitral endocarditis later confirmed by necropsy. The organism which 
they found was classified as Actinobacillus ligniéresi. Thompson® had recog- 
nized this same organism in 1932 in blood cultures from a patient with endo- 
carditis in whom spontaneous recovery was observed. 

In the present communication we present the record of a man, aged 39 
years, with apparent actinomycosis of the mitral valve, repeatedly positive 
blood cultures, multiple embolie lesions, aphasia, right hemiplegia, amnesia for 
a long period, and eventual apparent recovery from the infection. It seems 
very probable that the recovery was related to the therapeutic program in 
this instance. 
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J. R., a 39-year-old 


white man, born May 30, 1904, 


Post-Graduate Hospital on Feb. 26, 1944. His parents we 
died in 1920, and his mother is living and in good health. 
fered a prolonged illness due to tuberculosis but is now in good condition. 
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The patient was healthy as a child. At 11 years of age he had diphtheria and when 


suffered a severe respiratory infection while he was at a boys’ 


was subject to digestive upsets, ascribed to a ‘‘ nervous 


he suffered a severe attack of malaria, 
patient was 28 years of age, a cardiac murmur was detected for the first time. 


There was no swelling of the joints at this time. Subsequently he 


stomach. At 17 years of age 


which has not recurred. Early in 1932, when the 


He was 


advised to give up tennis in 1942 and in June, 1942, he was rejected for military service 
because of the heart murmur. He is a financial hadinee. 
he and his wife went to Hollywood, Calif., for a three months’ 
vacation. During this time he visited Palm Springs, San Francisco, and Arrowhead Inn, 
Travel was chiefly by automobile but train and plane were used 
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for the trip to San Francisco. He bathed in the ocean frequently. He remembers pulling 
up a long stem of grass along Hollywood Boulevard and chewing this stem for some min- 
utes. He felt very well during the vaeation until the last week, December 13 to 20, when 
he felt tired and below par. He and his wife left Hollywood by train on December 20. 
That night he felt feverish, omitted dinner, and remained in bed until they reached Chi- 
cago, on December 22. There he got some tablets at a drug store and had a good breakfast. 
He took an afternoon train which arrived in New York at 9 A.M. on December 23. He went 
by taxi eab to his apartment on 79th Street. On December 24, he went to his oftice and 
again on December 26 and 27, but thereafter remained in bed until December 31. On that 
evening he went out for dinner. However, he was forced to return home about 10 P.M. 
and call a physician (A. W.D.). On January 3, after two days in bed, the patient went 
to his office, but was sent home because he was obviously ill. That evening his tempera- 
ture reached 104° F. The illness was considered to be a cold, and the physician was called 
again on January 10, at which time codeine and aspirin were prescribed. Four days later 
benzoin inhalations were started. A blood count on January 15 showed hemoglobin, 85 per 
cent; red cells, 4,200,000; white cells, 9,150; polymorphonuclear neutrophiles, 75 per cent; 
lymphocytes, 25 per cent; mononuclears, 1 per cent; and eosinophiles, 1 per cent. Of the 
neutrophiles 9 per cent were band forms. A tentative diagnosis of virus pneumonia was 
made and hospitalization was arranged. 

The patient was admitted to the Doctors’ Hospital at 4 p.m. on Jan. 16, 1944. We 
are indebted to this hospital for access to the records which are summarized in Figs. 1, 2, 
and 3. By January 24 the patient seemed well enough to go home, where he promptly 
suffered a relapse. He was readmitted to the hospital on January 25. In addition to the 
cough, fever, and systolic murmur, the patient now had severe persistent headache, with 
occasional chills, nausea, and emesis. There was a change in the heart murmur. The fever 
could not be controlled, embolie lesions appeared, and cultures of the circulating blood 
made on February 2 and February 7 yielded a positive growth. There were 14 colonies 
per milliliter of the patient’s blood in the culture taken on February 7. The microbe 
proved to be a branching filamentous actinomyces. After February 17 there were mani- 
festations of increasingly severe intracranial deterioration until the patient became en- 
tirely unresponsive. On February 26, he was transferred to the New York Post-Graduate 
Hospital in a stuporous, unresponsive state. His temperature was 103.2° F., his pulse rate 
was 136, and his respiratory rate was 28. The diagnosis on admission was ‘‘ vegetative 
endocarditis with widespread embolizations (including brain) and bacteremia.’’ A speci- 
men of blood showed a sedimentation rate of 70 mm. in 60 minutes, and its culture de- 
veloped a growth of the actinomyces, 10 colonies per milliliter of the patient’s blood. 
It was the general opinion that he would not survive the night. The intravenous injection 
of 5,000 units of penicillin every two hours was started at once. 

Figs. 4 and 5 show the abbreviated record from February 26 to March 28. The fever 
showed a marked decline, but the mental derangement, with only occasional lucid intervals, 
persisted. On March 16 there was total loss of speech and, on March 19, complete right 
hemiplegia, complicated by difficulty in swallowing. There were also numerous new embolic 
spots on the mucous membranes and the skin. On March 20 the dose of penicillin was 
increased to 10,000 units every two hours. On March 21 he was able to move his extrem- 
ities slightly, and on March 23 he was able to swallow without difficulty. He was able to 
say ‘‘No’’ on March 25 and both ‘‘No’’ and ‘‘Yes’’ on March 26. On February 28, two 
days after the initiation of penicillin therapy, the blood culture beeame positive, with less 
than one colony per milliliter of the patient’s blood. All subsequent cultures of the blood 
remained negative; nevertheless embolic lesions continued to appear from time to time. 

The abbreviated record from March 29 to April 29 is shown in Figs. 6 and 7. Here 
the length of the lines indicating doses of penicillin has been reduced to save space but the 
value of each dose is 10,000 units every two hours. From March 31 to April 3 there were 
repeated mild epileptic episodes, However, the patient recovered his speech and was able 
to converse, with some hesitation, by April 12. Embolic spots continued to appear from 
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time to time. A tooth was filled on April 22. There was gradual return of strength in the 
right arm and leg. 

The abbreviated record from April 30 to May 31 is shown in Figs. 8 and 9. 
cardiographie examination on May 1 revealed left axis deviation and a sinus tachycardia 
The rise in temperature on May 3 was believed to be related to an 
By May 23 the patient was able to walk. On May 17 the dosage 


Electro- 


with a rate of 105. 
emotional disturbance. 
of penicillin was reduced to 5,000 units every two hours and on May 24 to 2,000 units every 
two hours. New painful embolic spots appeared on the left hand on May 28, and on May 
30 there was a chill. The reduction of penicillin had been premature, although perhaps 
recall the difficulties in penicillin distribution 


not to be too severely criticized when we 
The 


in May, 1944. On May 31, the dose was increased to 10,000 units every two hours. 
patient remembers nothing from January 25 until about the middle of May. 


Fig. 8. 
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From June 1 to July 2 (Figs. 10 and 11) the clinical improvement continued and re- 
education progressed slowly. The patient played chess on June 5. There was another 
emotional disturbance on June 12 and 13, and the patient had a chill on June 13. By July 
2 he seemed to be convalescent. 

The record from July 8 to August 3 is shown in Figs. 12 and 13. The patient pro- 
gressed very well until July 16, when there was a tender swelling in the back which ap- 
peared to be embolic in origin. Other embolic lesions appeared on July 19. Strict bed 
rest was again enforced. Sodium salicylate in doses of 20 grains every four hours was 
started on July 21 and was continued with some irregularity until July 31. On July 21 
also the penicillin dose was increased to 20,000 units every two hours. An electrocardio- 
graphic examination on July 29 revealed no essential change from the examination on 
May 1. On August 2, the patient was allowed to sit in a chair. 

In Figs. 14 and 15, showing the abbreviated record from August + to September 4, 
the lines for penicillin doses have again been shortened. These doses were continued at 
20,000 units every two hours throughout this period. Embolic spots in the palms of the 
hands were observed again after August 10, and on August 15 and 18 there were chills and 
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elevations of temperature. On August 18 the following note was recorded: ‘‘The occa- 
sional upsets, such as that of August 15, and the curious spots on the skin, as well as the 
seattered firm lumps felt in the subcutaneous tissues from time to time, all suggest that 
there is still some actinomycotic infection on the mitral valve. The therapy seems to hold 
this infection in check but without as yet permitting complete healing. It seems to me 
that the patient should be protected as far as possible from disturbing stimuli, emotional, 
mental, and physical. It is probably unwise to allow him to transact serious business over 
the telephone, and it might be well to consider strict bed rest with use of bedpan for 
several weeks. Unless healing does take place we shall sooner or later be confronted with 
a progressive infection which cannot be controlled by penicillin or bismuth or by both 
combined.’’ This serious view of the situation was accepted by the consultants and by 
the family. More embolic spots appeared and there were temperature spikes and a chill 
late in August. In spite of the clinical evidence of occasional microbic invasion of the 
circulating blood, all cultures of the blood, after the positive blood culture obtained on 
February 28, two days after admission to the Post-Graduate Hospital, remained negative. 


Fig. 14. 
——— T T T T T 
aves] 7 8 | 9 | 0 12 13 | 18 | 16 | 17 | | 19 
BLOOD CULTURE BLOOD - | BLOOD CULTURE+ | 
s 
9 SED RATE SED RATE 15 | ED RATE 
101 }— IN CHAIR DAILY | ON ROOF REST 
100 + IN CHAIR 
RED SPOT ON PAIN IN 
LEFT PALM LEFT PALM 
LOOD ML 40 40 “20 40 40 40 40 40 40 


20 2020 2020 2020 2020 2020 20 220 2% 22 220 22 


oJ R |avc 20} 21 | 22 | 23 | 2a | 2s | 26 | 27 |. 268 31 | sepi] 2 | 3 4 
102/- = 11 SED RATE 17 SED RATE - 
100 

110} RED SPOT On RED SPOT 0 SPOT HAS) 
100 LEFT SOLE. FADED OUT 
90 P at 


20 20 2020" 2020 2020202 2020 2020 2020 2020 2020 2020020 2020 2020 2020 


MINA 


Fig. 15. 


The charts showing the subsequent record are omitted because of the limitations of 
space. From September 5 to October 6 the thiobismol and penicillin were continued as 
before. Blood was not given during this time. The patient was not allowed to sit up but 
he was taken into the open air on a wheel stretcher on fair days. On September 16, new 
crowns were placed on two molar teeth. His temperature remained well below 100° F. 
except on one day, September 21, when it reached 100.4° F. in the afternoon. The pulse 
rate was 124 per minute, and there were twitching of the right facial muscles and increased 
difficulty in speech. These manifestations proved to be evanescent. 

From October 7 to November 7 the same therapeutic program was followed, and the 
clinical chart continued to indicate satisfactory progress. His temperature exceeded 99.4° F. 
on only two occasions; on October 17, when it reached 101° F. at noon, with a pulse rate 
of 140 per minute; and on November 2, when it reached 998° F, at noon. The first of 
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these peaks was preceded by emesis on October 16. The disturbance was ascribed to pos- 
sible impurities in a new lot of penicillin, which was not used after October 17. The sedi- 
mentation rate on October 13, 20, and 27 and on November 3 was 15, 9, 18, and 6 mm, per 
hour, respectively. Rest in the reeumbent position was still strictly enforced. 

During the period from November 8 to December 9 the temperature reached 99.6° F. 
only once, on December 5. The thiobismol was continued as before. The dosage of peni- 
cillin was continued at 20,000 units every two hours until 10:25 a.m. on November 17, 
then reduced to 10,000 units every two hours until 7:30 A.M. on November 19 and to 5,000 
units every two hours until 3:30 p.m. on November 21, when it was discontinued entirely. 
There was an episode of petit mal on November 22. On and after November 25 the patient 
was allowed to sit in a chair. Walking was permitted daily after November 27. The sedi- 
mentation rate remained low. 

The thiobismol was discontinued after December 9 and the patient was unrestricted 
except that he was required to avoid fatigue. His temperature reached 100° F. at noon on 
December 18 and 99.8° F. on December 28. His pulse rate and his blood pressure, which 
was observed twice daily, became less irregular after December 18. Electrocardiographic 
study on December 23 gave the same result as that in previous electrocardiograms, except 
that now there were premature ventricular contractions. During this period the patient 
was kept occupied by a program of re-education in speech and penmanship and he was 
obviously interested in the frequent measurements of blood pressure, palpation of abdo- 
men, and auscultation of the thorax. He was finally discharged from the hospital on Dee. 
27, 1944. There remained some facial asymmetry and also some difficulty in finding the 
right word, so that his speech was slow and hesitating. The loud systolic murmur persisted. 

The patient was seen at intervals during the next month at the hospital and at his 
residence. He remained under the care of a trained nurse. His progress was slow and at 
times precarious. Early in February, however, he left for California in the care of the 
nurse. Since that time we have received several reports, some of them from the patient 
himself in his own handwriting. The remnants of speech difficulty, of facial asymmetry, 
and of weakness of the right arm and leg which still persist are recognized only by the 
careful attention of a trained observer. To his friends and. social acquaintances the pa- 
tient appears entirely well. 


COMMENT 


We have attempted to present in an objective fashion the record of a pa- 
tient, J. R., who has survived a septic disease in which there seemed at first 
no possible excuse for optimism. The diagnosis of actinomycosis of the mitral 
valve has been accepted by the consultants who saw the patient in January, 
1944. This diagnosis rests upon the ciinical evidence of changing structure 
and function of the mitral valve; the repeated multiple embolie¢ insults to the 
skin, mucous membranes, subcutaneous tissues, spleen, and brain; and the four 
positive cultures of the circulating blood, taken on February 2, 4, 26, and 28, 
which all yielded growth of a branching, filamentous microbe designated as 
Actinomyces septicus, nov. spec. Against this diagnosis may be urged the lack 
of direct inspection of the endocardium and the absence of a lethal termina- 
tion of the infectious process. 

Physicians who have observed the termination of an infection by admin- 
istration of three or four doses of penicillin in a period of twenty-four hours 
may regard the injections of this agent every two hours from February 26 to 
November 21, a period of nearly nine months, as absurdly extravagant. We 
believe, however, that the therapeutic agents, penicillin and thiobismol, ex- 
erted in this instance only a bacteriostatic influence upon the infecting microbe 
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and that healing had to progress by the slow processes of bacteriolysis, phago- 
cytosis, encapsulation, and regenerative repair. The therapeutic program 
should doubtless be improved in future eases of this sort. Perhaps larger 
doses of penicillin would have been better. We now believe that the period 
of strict bed rest in the early months of the illness was terminated too soon in 
this case. However, at the time, most of the physicians were inclined to accede 
to the wishes of the patient and of his family, which are difficult to oppose 
when dealing with a chronic disease with so many unknown features. 

The patient’s condition has been reported as excellent in July, 1945, some 
sixteen months after the last positive blood culture was obtained (Feb. 28, 
1944), and about eight months after termination of treatment with penicillin 
and thiobismol. We believe that the disease may properly be regarded as in 
a state of arrest. Concerning possible relapse no reliable opinion can be given 
at the present time. On March 1, 1946, the patient wrote to us to report him- 
self in good condition. 

SUMMARY 

1. A man, aged 39 years, with elinical evidence of mitral endocarditis, 
complicated by right hemiplegia, aphasia and other signs of grave intracranial 
injury, and multiple peripheral embolic lesions, has shown so much improve- 
ment that the disease is now in a state of arrest. 

2. Cultures of the blood yielded growth of an actinomyees. 


3. The therapeutic program included rest in bed, sodium salicylate for a 
period of ten days in July, intravenous and intramuscular injections of peni- 
eillin, and intravenous injections of thiobismol and of citrated blood continued 


over a period of many months. 

4. The total amount of penicillin injected was 43,972,000 units during the 
period from February 26 to November 21, and the penicillin actually expended, 
ineluding waste and loss in handling, amounted to 50,010,000 units. 


We are extremely grateful to Charles Pfizer and Company, Inc., of Brooklyn, New 
York, who supplied the penicillin from research allocations, under difficult conditions which 
will be appreciated by those physicians who attempted to employ this agent early in 1944. 
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THE ELECTROCARDIOGRAPHIC EFFECTS OF INJURY AT THE 
ENDOCARDIAL SURFACE OF THE LEFT VENTRICLE 


Rospert H. M.D. 
OKLAHOMA City, OKLA. 
UNDAMENTAL postulates of modern electrocardiographie theory'* may be 
extended for the purpose of predicting the form of electrocardiograms which 
might be expected from a subject having acute necrosis of the subendocardial 
laminae of the wall of the left ventricle. On the other hand, it is difficult to 
devise a practical experiment which will produce only a necrosis of these laminae 
without introducing factors which might complicate the interpretation of the as- 
sociated electrocardiograms. The following case represents the occurrence of 
such a lesion which led ultimately to the patient’s death. 


A Negro woman, 44 years of age, was admitted to the Charity Hospital at New Orleans 
on May 1, 1944, with the chief complaint of severe burning pain in the chest. She had had 
shortness of breath on exertion since 1941. Two weeks before admission she experienced 
an attack of substernal pain which commenced shortly after dinner. The pain was attended 
by eructations, nausea, and vomiting, and a sense of smothering. The pain lasted one hour 


and did not radiate. A similar attack occurred later the same evening. Moreover, the at- 
tacks continued to recur daily throughout the next two weeks until the day of admission, at 
which time the pain had become continuous. With each attack the pain was of increased 
intensity and duration. On the day before admission the patient had developed dull, aching 
epigastric pain. There was no history of chills, fever, cough, or edema. Two years before 
the onset of her present illness, she had complained of moderately severe headaches and had 
been told by her doctor that she had high blood pressure. 

Her temperature on admission was 94.4° F. The pulse rate was 140 per minute, and 
the respiratory rate was 20 per minute. Her physical development was good. She obviously 
was suffering from severe pain. No dyspnea was present and only one pillow was required 
for rest. The eye grounds showed tortuous arteries. No hemorrhages or exudates were 
present. The pupils were round, regular, and equal, and reacted to light and in accommoda- 
tion. The cardiac apex impulse was felt in the left midclavicular line, was somewhat dif- 
fuse, and was of moderately increased force. The rhythm was regular. The heart sounds 
were loud and the pulmonary second sound was louder than the aortic. There was a moder- 
ately loud (Grade III) systolic murmur, with maximum intensity at the apex, which was 
transmitted throughout the left third and fourth intercostal spaces anteriorly. A high- 
pitched systolic squeak was also audible at the apex. The systolic blood pressure was 160, and 
the diastolic blood pressure was 105. The lung fields were clear. There were no additional 
noteworthy findings. 

The patient required repeated injections of morphine sulfate (0.016 Gm.), which at 
times failed to give temporary relief. On the second day of hospitalization a severe attack 
of pain commenced suddenly. During the attack the heart rate was 140 per minute and the 
blood pressure was 160/104 in the right arm and 120/90 in the left arm. Moreover, subse- 
quent observations showed rather unusual variations of blood pressure in one arm as com- 
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Daily comparisons revealed a 


pared with nearly simultaneous recordings from the other. 
systolic difference of 40 or 50 mm., the high value appearing sometimes in one arm and some- 
times in the other. Most of the remittent pain which occurred after hospitalization was con- 
fined to the epigastrie region. On the sixth hospital day, gallop rhythm and a precordial 
friction rub were detected. The temperature ranged from normal to 100° F. during the 
first week, after which it leveled off and remained normal. 
the patient suddenly lost consciousness, developed gasping respirations, and died within 


On the eleventh hospital day, 


several minutes, 

Urinalyses were negative. The red blood cells were normal. Repeated leucocyte counts 
were normal, The sedimentation rate was abnormally increased on repeated occasions. The 
blood and spinal fluid Kline and Kolmer reactions for syphilis were negative. A roentgeno- 
gram of the chest was normal, 

Post-mortem examination of the heart showed moderate hypertrophy and dilatation of 
the left ventricle. The inner half of the wall of the left ventricle (including the 
interventricular septum) presented a soft brownish yellow necrosis. In the apical region 
the wall was relatively thin and firm and of slight grayish color due to early fibrosis. Else- 
where in the walls of the left and right ventricles were seattered areas of necrosis which 
few millimeters to 1.5 to 2 em. in diameter. These foci were most 


varied in size from a 
endocardium proper, the 


numerous at the endocardial surface of the right ventricle. The 
valves, and the coronary arteries were intact. 


Microscopic Findings.*— 
‘*Sections from the right ventricle show the epicardial surface to be composed of loose 
Immediately beneath this layer the myocardial 


connective tissue in which there are fat cells. 
This muscle 


fibers are vacuolated, swollen, and pink-staining, and the nuclei are distorted. 
Beneath this layer there is a varying picture which extends through- 
The pattern of this picture is irregular and does not seem to follow 
There are small areas where the muscle fibers are 


layer is not necrotic. 
out the heart muscle. 
the distribution of any vascular supply. 
pink-staining and show pyknotie nuclei. These 
zones where muscle fibers appear damaged but are not dead. 
the former, there are zones where almost all of the muscle fibers have disappeared, and in 
Some macrophages have distended 

A few polymorphonuclear leuco- 


areas are interspersed with pale pink-staining 
In these areas, particularly in 


their place are fibrous tissue stroma and macrophages. 
cytoplasms with brown-staining granular material inside. 
cytes are present in these areas. 

‘*In other areas there are blue-staining zones in which muscle tissue, as well as con- 
In the blue zones, which are sharply eireum- 


nective tissue stroma, has been disintegrated. 
These 


scribed, there are many pyknotic nuclei and what appear to be colonies of bacteria. 
areas are surrounded by relatively slight inflammatory cell reaction. At the periphery there 
are a few polymorphonuclear leucocytes, but the zone is not thick and the exudate is not 
marked. 

‘*The endocardial surface is not well shown in the section, but where it does appear it 
shows alternating zones of necrotic and damaged muscle fibers extending to the endocardial 
surface. 

‘*Sections of the left ventricle, taken from the lower portion of the anterior wall, show 
the endocardial surface somewhat thickened by edematous connective tissue infiltrated by 
polymorphonuelear leucocytes and mononuclear cells. The endocardial surface, however, is 
not covered by a layer of fibrin or thrombus. Beneath this layer there is a zone where the 
musele tissue is vacuolated, the fibers are swollen, and the nuclei are distorted but not pyknotie. 
In some of the connective tissue septa which extend into this zone, there are infiltrations of 
polymorphonuclear leucocytes, presumably along the adventitia of blood vessels. Beneath this 
layer and extending through the entire wall of the heart to involve the epicardial surface 
as well as the underlying tissue there is the same type of patchy, necrotic lesion that was 
seen in the right myocardium. The necrotie lesions seem to vary considerably in age, some 


*[ am indebted to Dr. Edward L. Burns, of the Pathology Department of the Louisiana 
State University Medical School, for the microscopic findings. 
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being relatively fresh and associated with almost no cellular reaction. Here the fibers are 
pink-staining and granular, and the nuclei are pyknotic. 

‘‘In other areas there are inflammatory cell infiltrations, in some cases consisting chiefly 
of polymorphonuclear leucocytes. In other places there are large vacuolated spaces where myo- 
cardial fibers are being dissolved by macrophages with swollen cytoplasms, as well as by poly- 
morphonuclear leucocytes. In still other areas, the process seems to have been completed and 
there are now present in the myocardium small scars consisting mostly of fibroblasts with 
relatively small amounts of collagen material, and rather numerous macrophages filled with 
brown pigment. The medial coats of the medium-sized arteries are thickened by hyaline 
material or by an increase in the smooth muscle. A similar change extends into some of the 
smaller arterioles where hyalinization of the medial coat seems to be present. The large ves- 
sels contained in the section contain no thrombi. 

‘*Sections of the left ventricle taken from approximately the midportion of the anterior 
wall show the endocardial layer of fibrous tissue to be very thin, and almost immediately 
beneath the endothelial cells the myocardium is extensively vacuolated and shows numerous 
macrophages with brown pigment in their cytoplasm. In some areas, most of the muscle 
tissue has disappeared, leaving fibrous tissue filled with brown pigment; but in general there 
is a layer of damaged, but not necrotic, muscle tissue immediately beneath the endocardium. 
Superficial to this layer there is a zone of necrotic tissue which is deeply pink-staining and in 
which many of the nuclei are gone. There are scattered blue-staining zones similar to those 
seen in the lower portion of the left ventricle. These necrotic zones do not extend entirely 
through the muscle coat as they did in the section previously described. They are limited to 
an area which lies closer to the endocardial than to the epicardial surface. In the layers of 
myocardium near the epicardial surface, there are small scarred areas extending about the 
blood vessels, and there is some separation of the muscle fibers from each other. In some 
areas there are a few polymorphonuclear leucocytes in the interstitial tissue, and in these 
regions isolated foci of muscle fibers are in the process of destruction. In general, however, 
The larger arteries show some thickening of their endothe- 


the musculature seems preserved. 
The ar- 


lial coats, and the change previously described is present in the muscular coats. 
terioles in some areas show a slight thickening of their medias which is produced by hyaline 
material.’’ 

Cubes of ventricular muscle with cauterized or sterile surfaces were macerated and cul- 
tured. The cultures showed no bacterial growth. The remainder of the necropsy findings were 
negative. 

ELECTROCARDIOGRAMS 

The electrocardiograms (Fig. 1), which were taken on the first, fourth, sixth, and tenth 
hospital days, show marked sinus tachycardia and downward displacement of the RS-T 
junction in limb Leads I and II and chest Lead IVF. It is observed that, if the axis of 
injury is plotted on the triaxial reference system according to the rule which defines its direc- 
tion as that of a line drawn from the center of the left ventricle toward the center or centroid 
of the injured region,2 a base-apex direction is determined which anticipates an upward dis- 
placement of the RS-T junctions in the limb leads similar to that of diffuse subepicardial 
injury of acute pericarditis. A diffuse injury of the subendocardial lamina is, however, the 
geometric inverse of that produced by acute pericarditis. Consequently, the effect of the 
former is an injury axis against-the-rule which has the direction of a line drawn from the 
center or centroid of the injured region toward the center of the involved ventricle. The 
mechanism involved has been referred to elsewhere4 as ‘‘injury-against-the-rule.’’ The effect 
of injury-against-the-rule is produced whenever injury is greater at the endocardial than 
at the epicardial surface. 

Comparison of the curves of Fig. 1 also reveals a progressive breakdown in the QRS 
complex. The breakdown is pronounced in Lead II and in Lead IVF. While QRS changes 
of this kind are not necessarily indicative of, they are usually evidence of, morphologic death 
of some regions of the ventricular wall. They are, in point of fact, indicative of electrical 
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death of the intensely damaged regions. This interpretation, it will be observed, correlates 
satisfactorily with the autopsy findings. 
DISCUSSION 

Etiology.—tThe foregoing ¢linical picture and necropsy findings appear to 
conform to one of the varieties of acute isolated myocarditis.*:® The sterile 
cultures may indieate that a filterable virus was the etiological agent. It is 
unlikely that a toxie agent of infectious origin was present, for there was no 
discoverable infection from which such an agent might have spread. An auto- 
intoxication is meaningless unless it be understood to imply the effects of an 
abnormal hormone. 


aes 


Fig. 1.—Serial electrocardiograms which display the phenomena of injury-against-the- 
rule or downward displacements of the RS-T junction in all limb leads and chest leads. Note 
the breakdown of the QRS complex in the last chest lead and the ventricular extrasystole in 
the curve of May 6, 1944. 


There is, however, another possible explanation, which is suggested simply 
beeause it appears sufficient. The clinical course was striking from the stand- 
point of absence of all definite evidence of infection. There was no general 
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malaise or leucocytosis. The low-grade fever and the increased sedimentation 
rate could be related directly to the myocardial necrosis. Certainly they are 
characteristic developments during the course of ordinary myocardial infare- 
tion. Indeed, if the electrocardiograms are not considered, the clinical picture 
is quite typical of that of repeated attacks of angina pectoris culminating in 
acute myocardial infaretion. Moreover, the remarkable variations of blood 
pressure suggest a profound instability of the vasomotor sys‘em. On the other 
hand, the presence of essentially normal coronary arteries at post-mortem exam- 
ination is by no means an assurance of normal physiologic activity of these 
arteries before death. The distribution of necrosis of the ventricular muscle 
is of a location which might be expected to occur as a result of a generalized 
coronary arterial spasm; that is, with a maximum intensity of necrosis in the 
direction of arterial irrigation or toward the apical and endocardial aspects of 
the ventricular walls. For those who hold that heart pain is an integral part of 
tension along the coronary arterial walls, a case of the kind under discussion 
would seem to require a pathologie physiology of the vasomotor activity of the 
coronary arteries. On the other hand, sudden death without pain or warning 
of any sort has been emphasized as a typical feature of diphtheritic myocardial 
necrosis. Studies on the intravenous action of pitressin, in which 90 per cent of 
the coronary flow is cut off by the drug, make it clear that a generalized coronary 
arterial shutdown is a physiologic possibility.? Some sueh physiologic, dis- 
turbance is presumed to occur in the brief, and at times fatal, attacks of angina 
pectoris in which, often enough, the coronary arteries are essentially normal 
in morphologic structure. In such cases, a disturbed vasomotor activity is gen- 
erally assumed to be the basis for the occurrence, at times, of fatal ventricular 
fibrillation. The early advent of death in such instances precludes the develop- 
ment of the morphologie changes of myocardial necrosis which might otherwise 
indicate the distribution of ventricular ischemia associated with the spastic 
Electroeardiograms are seldom recorded during fatal attacks 


coronary state. 
On the other hand, electrocardiograms with final ventrieu- 


of angina pectoris. 
lar deflections which are like in kind (but less in magnitude) as compared with 
those recorded in the case under discussion, are obtained from the majority of 
patients suffering from a spontaneous or induced attack of angina pectoris, and 
also from normal subjects,* where they have been ascribed to generalized ven- 
Modern theory dictates, however, that if a generalized ven- 


tricular ischemia. 
would be no as- 


tricular ischemia were everywhere of uniform intensity there 
sociated changes in the form of the final ventricular deflections. For this 
reason, the decrease in the magnitude of the RS-T junction displacement ob- 
served in the last two curves of Fig. 1 is ascribed to a more nearly uniform dis- 
tribution of injury (intense ischemia*) at the epicardial and the endocardial 
surfaces of the ventricular walls. 

From the standpoint of the electrocardiographie fundamentals, it is im- 
material what view is taken as to the etiology of the myocardial necrosis in the 

*Electrocardiographic evidence of intense ischemia means that variety of RS-T junction 


displacement which is produced by a local gradient in intensity of polarization during diastole 
which temporarily reverses its direction during systole. 
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ease under discussion. A distribution of necrosis which is more intense at the 
endocardial than at the epicardial aspects of the ventricular walls produces an 
injury effect against-the-rule. When a vector is drawn from the center or 
centroid of the injured region toward the center of the involved ventricle, it 
has the direction of a line which, when translated to the triaxial reference sys- 
tem, defines the direction of the RS-T junction displacements in all three of 
the limb leads of injury-against-the-rule. A precordial lead taken with the 
exploring electrode superjacent to an injured region of the kind under discussion 
will display a downward displacement of the RS-T junction. In connection 
with the application of these postulates to the interpretation of RS-T junction 
displacements whieh occur early during the course of myocardial infaretion, the 
following excerpts are quoted from the author’s correspondence with Dr. Harold 
Feil : 

To Dr. Feil on May 24, 1944: ‘‘In the article’ dealing with infarction of 
the lateral wall of the ventricle there are two eases (3 and 6) in which the injury 
shift is striking, particularly in Lead IVF. When the RS-T junction displace- 
ments of the limb leads are plotted on the triaxial reference system, they are 
found to be against, rather than with, the rule, that is, the vector which charac- 
terizes their effect is nearly the exact inverse of a directed line drawn from the 
center of the left ventricle toward the centroid of the damaged region, and 
Lead IVF in these cases further supports the idea that the net damage of the 
involved region is greater at the endocardial, than at the epicardial, surface. 

. The subendoecardial arterial plexus of Gross'® is apparently a much 
more important factor in sustaining the subendocardial lamina of a region 
robbed of its natural blood supply than is imbibition or reversal of flow through 
thebesian veins. If this opinion is accepted, it may be observed further that 
survival of the subendocardial lamina (under an infarct) which accounts for 
injury-with-the-rule, depends largely upon an adequate collateral circulation at 
the time of the attack of infarction. Moreover, if an adequate collateral cireu- 
lation is not available, the subendocardial lamina must, it seems, undergo 
necrosis along with the superjacent muscle, and the net result is a greater dam- 
age of the local subendocardial, than of the local subepicardial, laminae. In 
the event of a generalized coronary artery spasm, the plexus of Gross cannot 
operate effectively and the electrocardiographic pattern of injury-against-the- 
rule oceurs as depicted in your article" of 1928. 

‘*T am anxious to know if the subendocardial lamina of the damaged region 
in Cases 3 and 6 survived. It may be possible for you to give me information 
on the pathological material in these two eases. The analysis demands that the 
lamina in question did not survive, presumably because the plexus of Gross did 
not function.’’!” 

From Dr. Feil Oct. 18, 1944: ‘‘On looking over the pathological material 
of Cases 3 and 6, I have the following to report: 

‘Case 3: Sections of the myocardium revealed that the infaret involved 
the subendocardial muscle. The infarct did not extend through to the epi- 
eardium. ... 
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‘*Case 6: The fresh infaret was extensive and involved the lateral portion 
of the left ventricle and extended somewhat posteriorly. This portion of the 
myocardium bulged. The infarct involved most of the wall of the ventricle but 
spared the Purkinje fibers. .. 

In general, it should prove rather difficult to correlate the electrozardi- 
ozraphie effects of injury with the morphologic changes in the myocardium. It 
scems highly prebable that the three kinds of electrocardiographie changes 
(QRS, RS-T, and T) which have gradually become recognized as characteristic 
of myocardial damage are written by regions of the myocardium which present 
a normal morphologic appearance,'*'* the one exception being permanent QRS 
change.'* However, a region of recent morphologic damage is likely to define, 
between itself and physiologically normal muscle, a boundary within which lies 
the zone of critical physiologic activity that accounts for an abnormal electrical 
effect. Finally, it seems that injury-against-the-rule may occur in connection 
with: (1) the widespread myocardial necrosis of so-called isolated myocarditis, 
(2) acute myocardial infarction, presumably when the collateral circulation is 


poor, and (3) aeute local ventricular ischemia of angina pectoris. 


SUMMARY 


1. A ease is presented in which the distribution of myocardial necrosis is 
more extensive or intense at the endocardial surfaces and at the apex than at the 
epicardial surfaces of the ventricular muscle. 

2. The electrocardiographie effects produced are in accord with the concepts 
of modern electrocardiographie theory.’ The injury effects or RS-T junction 
displacements are the inverse of those which occur in connection with acute 
diffuse pericarditis. The mechanism has been described elsewhere as injury- 
against-the-rule.*| A unipolar lead recorded with the exploring electrode placed 
superjacent to the injured region displays a downward displacement of the RS-T 
junction when the intensity or extent of injury is greater at the endocardial, 
than at the epicardial, surface. 

3. The phenomenon of injury-against-the-rule is observed in connection with 
certain cases of so-called isolated myocarditis, accounts for certain atypical 
electrocardiograms obtained from subjects with acute myocardial infarction, 
and appears to be a common feature of curves recorded from subjects under- 
going an attack of angina pectoris. 
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ELECTROCARDIOGRAPHIC CHANGES IN ACUTE 
GLOMERULONEPHRITIS 


Joun S. LaDue, M.D., anp RicHarp ASHMAN, PH.D. 
NEw ORLEANS, La. 
INTRODUCTION 

N 1789, Goodhart' reported that cardiac enlargement was not an infrequent 

complication of acute glomerulonephritis. Subsequent studies have noted the 
occurrence of congestive heart failure in from 17 to 71 per cent of patients with 
acute glomerulonephritis.2°* Concomitantly, electrocardiographic abnormalities 
have been encountered in 60 to 100 per cent of the groups of patients studied.**° 
Various empirical abnormalities were observed in 438 per cent of our patients 
with acute glomerulonephritis. We previously reported that six of twelve pa- 
tients with congestive heart failure showed clockwise rotation of the ventricular 
gradient suggesting that the myocardium of the left ventricle was acting as if it 
were ischemic.'® 

The present study represents an analysis of the electrocardiograms of 101 
patients with acute glomerulonephritis. From the electrocardiograms, the 
electrical axis, the anatomie axis, the ventricular gradient, and the Q-T inter- 
val were computed, and the results were correlated statistically with the clin- 
ical findings in so far as possible. 

In 90 of the 101 patients, a detailed analysis of the clinical and electro- 
cardiographie findings was made. Half of the patients were white and half 
were Negroes; 61 per cent were men, and 39 per cent were women. Eighty-two 
per cent of the patients were 14 years of age or younger; the youngest was three 
months of age and the oldest was 34 years. <A history of an upper respiratory 
infection preceding the date of onset of symptoms was obtained in 70 per cent 
of the patients. The only criterion applied in the selection of the patients for 
study was that one or more electrocardiograms had been taken. An average of 
1.9 electrocardiograms were taken for each patient. Lead CF, was made in 96 
of the 101 patients. In view of the fact that proper analysis of the relationships 
between the T wave and the QRS complex cannot be made without consideration 
of the ventricular gradient of Wilson, the analysis that will be described has been 
earried out. The method of the analysis is described in the appendix. 


THE ELECTROCARDIOGRAPHIC CHANGES IN ACUTE GLOMERULONEPHRITIS 
Deviation of G.—The total series of 101 electrocardiograms in patients with 
acute glomerulonephritis was separated into three groups: (1) those showing 
an abnormal deviation of the gradient; (2) those which by every test were 
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within normal limits; and (3) those with an often normal G (see Appendix), 
but with other abnormalities. In these three groups there were 42, 54, and five 
cases, respectively. 

In Group 1 the gradient in 41 of the 42 patients was deviated to the right 
by 13 or more degrees; the range was 13 to 95°. The mean deviation was 
33.10 + 2.30° to the right of the normal as estimated from Table II. However, 
since the mean position of G in a normal séries of 78 children (including some 
with tachyeardia) was 4.54 + 0.48° to the left of the direction estimated from 
Table II, the actual mean deviation of G in this nephritie group was closer to 
37°. In ealeulating this mean, one case was omitted. In this single case, which 
in other respects differed from the others, G was deviated 51° to the left, and 
not to the right. Since this is the single example of clearly abnormal leftward 
deviation, it is likely that it was due either to secondary effects of the disease 
or to some other associated defect. If the gradient is appreciably affected at 
all, the deviation is certainly nearly always to the right. This is associated 
with decreased height or inversion of the T wave in Lead I and usually with 
an elevation of the T waves in Lead ITI. 

In Group 2, in which the electroecardiograms were empirically normal, the 
mean deviation of G was 1.70 + 0.73° to the left of the estimated position. This 
may be compared with the mean fer the normal children. The difference between 
the means in the normal and nephritie patients is 2.8 + 0.87. The difference, be- 


ing 3.2 times its probable error, can be regarded as probably significant, and 
suggests that some of the gradients, even in this electrocardiographically normal 
croup, had actually been deviated a few degrees. In normal children the 
standard deviation was 6.21 + 0.34°, whereas in this series of nephritie children 
it was 8.15 + 0.51°. The difference is 1.94 + 0.61, again 3.2 times its probable 
error, and only probably significant. Yet this finding of greater scattering of 
values, almost entirely to the right, supports the conclusion suggested by the 


TABLE 


| NUMBER OF ECG’S SHOWING 
EMPIRICAL ABNORMALITIES NOTED IN THE ECG’S OF 101 PATIENTS ABNORMALITY 
WITH ACUTE GLOMERULONEPHRITIS ALONE COMBINED 


Diphasie or negative T, 

Negative T, 

Relatively low T, 

Low T waves 

Negative T, 

Negative T., T, 

Prominent U waves 

Q-T prolonged 

P-R interval upper limits of normal for age and heat rate 
(Ashman and Hull) 

QRS changes suggesting left ventricular hypertrophy 

QRS changes suggesting right ventricular hypertrophy 

QRS widening, slurring, or notching suggesting intraventricular 
conduction defect 

Sinus tachyeardia* 

Sinus bradyeardia 

Partial right bundle branch block 

Other abnormalities in rhythm 
*Over 115 per minute in younger children; over 110 in older children; 


over 100 in adults. 
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TABLE II. THE NORMAL DIRECTION OF THE VENTRICULAR GRADIENT OF SUPINE PERSONS IN 
RELATION TO THE DIRECTION OF THE ANATOMIC AXIS AND THE MAGNITUDE, Agrs 


THE OBSERVED ANGLE| 
BETWEEN 
Agrs AND fi 


0- 4 


THE AREA, Agxs, IN 4 MICROVOLT-SECOND UNITS 


Soma 


bo 


NS 


9 
difference between the means. The inclusion of a few adults in this series could 
hardly have modified the results. 

The Magnitude of the Mean Manifest QRS Aszis.—-In the series of 78 nor- 
mal children, Agrs (see Appendix) was 4.12 + 0.15 unit; in the whole series 
of 101 patients with nephritis, the value was 2.46 + 0.13 unit. In this case the 
difference from the normal series is highly significant statistically. The in- 
clusion of the adults with nephritis should lessen and not exaggerate the dif- 
ference. Agors was smaller in Group 1 than in Group 2, but the difference was 
not certainly significant. The reason for the reduction in the net QRS areas 
in these patients is uncertain. In part, it may be associated with edema. It 
may also be due to a change in cardiac position, so that SAgrs had a more back- 
ward direction in the thorax; or it may be associated with the cardiae dilatation. 

The Magnitude of the Ventricular Gradient.—In the electrocardiograph- 
ically normal Group 2, G was 9.17 + 0.31 unit. This is smaller than the normal 
children’s mean of 11.60 + 0.28 unit, and the difference is significant. The per- 
centage decrease from the normal in this group, both in Agrs and in G is almost 
the same; this suggests that the decreases are, at least in large part, brought 
about by the same factors. The standard deviation is 3.36 + 0.22 unit. In 
Group 1, G was equally reduced, but the range is so great that nothing significant 
is to be learned from the figures. 

The Direction of the Mean QRS A,sis.—Both in the normal and in this series 
a single Agrs was omitted because its direction lay far outside the usual range. 
The average direction of the mean QRS axis (Agrs) in the normal series was 
+61.10 + 1.58°: the standard deviation was 20.50 + 1.12°. The range, at three 
standard deviations, is —0.4° to +128.1°. In the total nephritie group, the mean 
is not significantly different, though the standard deviation is greater. The 
difference in the standard deviations ean hardly be regarded as significant, al- 
though occasional deviation of the QRS to the right in the nephritie patients 


is suggested. 


5- 9 | 0 l 3 3 4 4 5 5 6 6 
10-14 r 5 6 7 8 8 9 9 
15-19 7 8 9 10 1] 12 13 14 
20-24 9 10 12 13 14 15 17 19 
25-29 10 12 14 15 16 18 20 23 
30-34 12 14 16 18 20 22 24 27 
35-39 14 17 19 21 23 25 27 31 
10-44 16 18 21 23 25 28 30 33 
45-49 18 21 24 26 28 31 33 36 
50-54 19 23 26 28 3] 33 36 39 
55-59 21 25 28 31 34 37 39 42 
60-64 23 27 30 33 36 39 $2 46 
65-69 25 29 32 35 38 42 45 49 
70-74 26 3] 34 37 1] $4 48 51 
75-79 | 22 28 33 36 39 13 $7 50 53 
80-84 9 23 30 35 38 4] 45 19 53 55 
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The Relationship Between Heart Rate and the Magnitude of the Gradient.— 
The magnitude of the gradient, G, varies inversely as the heart rate and directly 
with the magnitude, Agrs. Before correcting for the latter factor, the abnormal 
series (Group 2) showed a fair correlation between heart rate and G. The co- 
efficient was 0.493 + 0.112, which is just significant. In the electrocardiograph- 
ically normal Group 1, however, no significant correlation was found. After 
correcting rate and Agrs for age, Group 1 was unchanged, whereas the co- 
efficient in Group 2 became 0.4383 + 0.100, which is very probably significant. 
The total of these groups, after adjustment, gave a coefficient of 0.471 + 0.075, 
which is quite significant. It is of theoretical interest that the response of the 
gradient to rate changes in glomerulonephritis, when the electrocardiogram is 
abnormal, is like that in the normal heart. 

The Q-T Interval.—The duration of the Q-T interval was expressed in 
terms of the constant, K, in the empirical formula: Q-T — K log [10(¢ + 0.07) ], 
in which e is the eyele length and in which 0.07 is also a constant.2* In 
Group 2, which exhibited gradient changes, the mean value of K was 0.419 + 
0.0029, and the standard deviation was 0.0273 + 0.0021. In Group 1, the mean 
value of K was 0.399 + 0.0022, and the standard deviation was 0.0235 + 0.0015. 
In contrast, the mean K in the normal children was 0.393 + 0.0011, and the 
standard deviation was 0.0134 + 0.00075. The much larger standard deviation 
reflects the much greater range in Q-T interval duration in patients with 
glomerulonephritis than in the normal persons. The earlier report found a 
mean K value of 0.375 in children. The significantly greater mean in the pres- 
ent series of normal children probably reflects, in part, a present tendency to 
estimate these intervals as longer, and our later measurements of adults are in 
close agreement with Shipley and Hallaran.*** If we place the upper limit of 
the normal Q-T at 2.58 standard deviations, then none of the normal series of 
children exceeds this figure; whereas it is exceeged by 14 of the nephritie pa- 
tients in Group 1, and by three patients in Group 2. Two of the three latter 
patients had gradient deviations at 10° to the right. Upon return of the blood 
pressure and electrocardiogram to normal, the Q-T interval became shorter in 
the great majority of cases in which the later electrocardiogram was taken. 


CORRELATIONS BETWEEN THE CLINICAL AND ELECTROCARDIOGRAPHIC FINDINGS 


For analysis the patients were divided into two groups according to the 
deviation from normal of the ventricular gradient. In only 90 patients were 
both the clinical findings and the electrocardiogram available. In 50 patients 
the ventricular gradient was within normal limits and in 40, G was deviated 12° 
or more to the right (clockwise). Chi-square was calculated for the two groups 
in an attempt to correlate electrocardiographic changes with abnormalities ob- 
served in the blood pressure, the degree of edema, the amount of weight loss, the 
presence of clinical or roentgenographie evidence of cardiac enlargement, the 
level of the blood urea, and, in a few instances, for the values of the venous 


pressure or circulation time.t 


*Since the timers of the electrocardiographs had not recently been checked, the dis- 
crepancy may have been due to this. Too rapid a timer will make the Q-T appear to be longer. 
This does not affect our conclusion. 

+Hypertension was found to be present at some time in 86 of the 90 patients studied and 


abnormal urinary findings were, of course, present in all of the patients. 
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Differences between the two groups were insignificant with regard to edema, 
weight loss, blood urea, size of the liver, pulmonary congestion, and the levels 
of the venous pressure and circulation time. 

By the chi-square test the odds were six to one that the blood pressure would 
be higher among those patients with rightward deviation of G than among those 
patients showing no electrocardiographie abnormalities. 

Teleroentgenograms were obtained in 26 of the patients with normal G 
and in 22 of those with rightward deviations. Cardiac enlargement was demon- 
strated in 17 of the former and 21 of the latter. The probability that cardiac 
enlargement was more frequent in patients with an abnormal G was 90:1. If 
we include in the analysis those patients showing clinical evidence of cardiac 
enlargement we find that 24 of 50 patients with a normal G and 37 of 40 patients 
with rightward deviation of G had some evidence of enlargement of the heart. 
Chi for these data was 4.55 indicating that the probability that the differences 
between the two groups could be due to chance was but one in 300,000 plus. 
Thus 67 per cent of the 90 patients with acute glomerulonephritis showed 
clinical (25 per cent) or roentgenologic (42 per cent) evidence of cardiac en- 
largement, but this evidence was present in 92.5 per cent of those patients with 
rightward deviation of @ and in only 48 per cent of those with normal @’s. 
We believe that these differences are statistically highly significant and suggest 
that cardiac dilatation may account, in part at least, for the electrocardiographie 
abnormalities in G. 

Empirical Abnormalities Observed in the Electrocardiograms.—tIn Table I 
are listed the number and kind of empirical abnormalities detected in the electro- 
cardiograms secured from our 101 patients. A diphasic or negative T, was seen 
24 times, a diphasie or negative T, was seen 23 times, a relatively low T, was 
seen 20 times, and low T waves in all limb leads were seen five times. Only 
rarely was T, abnormal in the absence of other electrocardiographie changes. 
These are the most frequent deviations from normal reported in the litera- 
ture.’ Three patients had a negative T, in addition to a negative T,. The 
P-R interval was at the upper limit of normal three times and definitely pro- 
longed but once according to the normal limits for age and heart rate established 
by Ashman and Hull.?® <A higher ineidence of P-wave and P-R abnormalities 
have been reported by Master’ "' and Williams.'® An abnormally negative T. 
or T, was seen only once and significantly great QRS changes (widening, 
slurring, or notching), suggesting an intraventricular conduction defect, but 
once. QRS changes suggesting left or right ventricular hypertrophy were seen 
twice, each type being represented once. Sinus tachyeardia was noted in 17 
eases and sinus bradyeardia was noted in eight, but no other abnormalities in 
rhythm were encountered. Sinus arrhythmia was often present. A partial 
and intermittent right bundle branch block was seen once. Prominent U waves 
were observed in eight tracings. 

COMMENT 


Langendorf and Pick’? and Rubin and Rapoport’ emphasize the fre- 
quency of a low or negative T, associated with reciprocal increase in the voltage 
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of T,. This was the most consistent change observed in this study and is re- 
flected in the deviation of the gradient to the right. Since the ventricular 
gradient represents the net electrical effect produced by differences in the time 
course of repolarization, projected onto the frontal plane, and since rightward 
deviation of G was the most consistent change observed (44 per cent of patients), 
we feel that abnormality of the gradient is the most reliable electrocardiographic 
sign seen in acute glomerulonephritis. Furthermore a clockwise rotation of G 
suggests a delay in repolarization of at least a part of the free wall of the left 
ventricle similar to that produced by temporary ischemia of the left ventricle 
of the dog’s heart.*°-*4 

Various theories have been advanced to explain the changes in the electro- 
cardiogram observed in acute glomerulonephritis. These inelude injury or 
spasm of the coronary vessels, edema of the heart muscle due to retention of 
fluid, accumulation of metabolic end products due to abnormalities in kidney 
function, and toxemia. Microscopie abnormalities are but rarely seen in the 
hearts of patients who have sueeumbed to acute glomerulonephritis.2°°* Aside 
from eardiae dilatation, the necropsy findings give little hint of the factors 
responsible for the observed abnormalities in the electroeardiogram. 

The Cause of the Gradient Changes.—Conflicting reports’'’ on the correla- 
tion of electrocardiographie findings with the occurrence of hypertension, con- 
gestive heart failure, or renal dysfunction have appeared in the literature. We 
failed to find any significant relationship between electrocardiographie changes 
and the individual manifestations of heart failure with the exception of the size 
of the heart. In 92.5 per cent of the patients with clockwise rotation of G, 
there was evidence of cardiac enlargement while only 48 per cent of those pa- 
tients with no deviation of G showed an increase in the size of the heart. As 
we have already said, the probability that these are chance differences is but 1 
in about 300,000. Possibly the duration of the cardiac dilatation was a factor 
in the production of the electroeardiographie abnormalities, but repeated tele- 
roentgenograms were not made frequently enough for us to check this theory. 

There is general agreement that the heart failure in acute glomerulonephri- 
tis is accentuated if not caused by the sudden and temporarily continuous eleva- 
tion of the bleod pressure. One of us'® has demonstrated that a drop in the blood 
pressure of patients with acute glomerulonephritis usually precedes the disap- 
pearance of the svmptoms and signs of congestive heart failure unless digitalis 
has been administered. Langendorf and Pick!*? have suggested that the nega- 
tive T, and slight S-T, depression could be explained upon the basis of dilata- 
tion of the left ventricle due to the effect of a sudden sustained elevation of the 
blood pressure on an impaired myocardium. With dilatation of the right 
ventricle, similar changes might be expected in Leads II and III. Reports of 
the occurrence of both right and left heart failure in patients with acute 
glomerular nephritis have been published, but, among our 90 patients, changes 
in Leads II and III suggesting right ventricular ischemia were seen doubtfully 
only once, Others have published electrocardiograms presenting apparently 
unambiguous evidence of myocardial change in the region of distribution of the 
right coronary artery, always in patients over 30 years of age. We cannot ex- 
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plain the absence of such cases in our series. It is possible that if pre-existing 
coronary disease is present, the predominant effects of an ischemic type of in- 
volvement will effect the part of the muscle supplied by the affected vessel. 

The signs of left-sided failure are considered to be more frequent than those 
of right-sided failure, and when the latter is present there is usually evidence 
of concomitant left-sided failure. With cardiac dilatation, rightward deviation 
of G is more commonly encountered, and this can be interpreted physiologically 
by stating that part of the myocardium of the free wall of the left ventricle is 
acting as if it were ischemic. 

It has been reported by others that it was not uncommon for the electro- 
cardiogram to be normal during the acute phase of acute glomerulonephritis and 
for changes to appear in the tracing when clinical improvement had become 
evident and the blood pressure was approaching normal. The importance of 
dilatation of the heart in the production of the electrocardiographice abnor- 
malities can be evaluated only by the taking of serial tracings and teleroentgeno- 
grams. However, the correlation observed between the electrocardiographic 
changes and the presence or absence of ecardiae dilatation suggests that the 
degree and duration of the increase in heart size bear an important relation 
to the abnormalities observed in the electrocardiogram of the patient with acute 
glomerulonephritis. 

In almost every instance where frequent serial tracings were taken over a 
period of three days to three months, the abnormal electrocardiograms reverted 
to normal. However, changes in the electrocardiogram sometimes persisted for 
days after the patient was clinically well, a fact we cannot explain with the data 
at hand, but which is analogous to persistent T-wave changes which have been 
seen after the termination of a paroxysm of tachyeardia. 

Pathogenesis of the Gradient Changes.—It is likely that a combination of 
hypertension of rapid onset and cardiae dilatation produces the gradient changes 
observed in acute glomerulonephritis. When the hypertension is chronic, as in 
essential hypertension, the gradient is not usually deviated, and the following 
figures may be of interest. In 47 cases of hyperpiesia, in which the electro- 
cardiogram revealed no clear evidence of left ventricular hypertrophy, the gra- 
dient was within the normal range in 40, deviated abnormally to the right in 
four, and deviated abnormally to the left in three cases. In another group of 
96 patients whose electrocardiograms showed clear evidence of left ventricular 
hypertrophy, the gradient was not deviated in 64; it was deviated abnormally 
io the right in 11 and to the left in 11 cases. In two eases there was moderate, 
doubtfully abnormal, deviation to the right. Moderate, doubtfully abnormal, 
deviation to the left was seen in eight cases. These findings agree with the 
results of an earlier cursory examination of the electrocardiogram in hyper- 
tension. It can, therefore, be said with confidence that hyperpiesia does not 
characteristically deviate the gradient to the right. When deviation to the 
right or left was observed, it was often in association with T-wave changes sug- 
gesting myocardial ischemia. Electrocardiograms suggesting infarction were 
not included. One fact must be stressed, namely, that secondary inversion of 
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the T wave in Lead I in hypertension does not usually mean deviation of the 
gradient’s direction. In fact, this may occur even when the deviation of G is 
to the left. 

The electrocardiograms in a dozen cases of hypertension in toxemia of preg- 
nancy were examined in connection with our present study. In none of these 
was the gradient deviated. Observation of large numbers of such cases demon- 
strates that rightward deviation of G is uncommon among them. We do not 
know whether or not cardiae dilatation of the degree seen in glomerulonephritis 
is commonly observed in the toxemias of pregnancy nor how rapidly the dilata- 
tion appears. 

In connection with the correlation between cardiae dilatation and gradient 
changes, the question must be asked: How are these two phenomena related ? 
It may be recalled that in 1927, Visscher and Starling?’ found that the oxygen 
consumption of the ventricular muscle was directly proportional to the diastolic 
volume. The increased oxygen consumption, of course, is due to an inereased 
metabolic breakdown during systole. In glomerulonephritis the left ventricle, 
and possibly the right as well, is dilated. This means that the oxygen consump- 
tion and metabolic change, are greater than in the normal muscle. The left 
ventricle, being opposed by a greater peripheral resistance, may be more involved 
than the right. When the demand for oxygen begins to exceed the supply, fa- 
tigue of the muscle ensues as a result of the accumulation of metabolites. The 
coronary arteries may share in the general arteriolar constriction. By a similar 
mechanism, myocardial ischemia also induces fatigue and similar electrocardi- 
ographie changes.*° Since the subendocardial muscle laminae may obtain oxygen 
directly or indirectly from the ventricular cavities, they seem to suffer less than 
the subepicardial laminae. Henee, it is the subepicardial muscle layers of the 
free wall of the left ventricle which suffer most. The precordial leads, however, 
suggest that not all parts of the free wall are equally affected, but we do not have 
the data necessary to enable us to localize definitely the most commonly af- 
fected regions. 

According to this interpretation, the slow repolarization both in myocardial 
ischemia and in glomerulonephritis is associated in some way with the chemical 
ehanges of local myocardial fatigue. In both conditions, the Q-T interval is pro- 
longed. 

Other Parallels Between the Electrocardiographic Changes in Ischemia and 
in Acute Glomerulonephritis—It has just been noted that the Q-T interval is 
prolonged on the average in Group 1. Another resemblance between myocardial 
ischemia and aeute glomerulonephritis is in the form of the T waves, which are 
the same in both conditions, although the very large, abnormal, T waves some- 
times found in ischemia are not often seen in nephritis. 

In myocardial ischemia, when abrupt changes in cardiae eyele length occur, 
as in premature beats, the T wave is usually more abnormal in appearance after 
This same type of change was observed in several of our 


the longer pauses.?” 35 
eases in association with the cycle-length changes of sinus arrhythmia and is 


illustrated in Fig. 1. 
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ig. 1.—Patient L. B., female, aged .7 years. Leads I, II, III, and CF; from above, 
downward. Blood pressure, 180/130. This is a fairly typical electrocardiogram of the patients 
in our Group 1. There is marked rightward deviation of the gradient. Cycle length changes 
occur, presumably in association with respiratory movements. Note the relationship between 
the magnitude of the inverted T wave in Lead I and the cycle lengths. The similar changes 
in the precordial lead are undoubtedly significant in this case, but occasionally in normal 
children equal changes in a precordial lead may be associated with respiratory variation in 
heart position. 


Fig. 2.—Patient G. W., male, aged 2 years. This patient is in Group 3, and did not 
survive. Leads I, II, III from above, downward. Because of the extreme abnormalities, the 
gradient was not estimated. The patient was not digitalized. The marked depression of the 
RS-T segments (which were equally clear in the precordial lead) is interpreted to mean pre- 
dominant damage of the endocardial left ventricular muscular laminae. 
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In myocardial ischemia, as the degree of oxygen lack increases, the in- 
tensity of polarization of certain cell membranes decreases, and the ischemic 
condition has then passed over into the stage Bayley has defined as injury.*® 
In a few of our cases, the injury, by this definition, had apparently begun. 
Fig. 2 is an illustration of a severe case. The patient did not survive. 

In no significant respect did the T-wave changes found in Group 1 differ 
from the changes observed in myocardial ischemia. 

The Precordial T Wave in Glomerulonephritis—In normal children, at 
least those below the age of 10 or 11 years, the T wave is usually inverted in 
Lead CF, and upright in Lead CF,. There was no exception to this finding 
among 12 cases chosen for this purpose. In children the T wave in CF, is usu- 
ally upright, but sometimes it is inverted. In 24 cases among those of Group 1, 
the T wave, even though recorded from a point on the thorax over the left 
ventricle, as judged from the form of the QRS complex (corrected for the left 
leg potential), was inverted, low, or diphasic. In certain other cases, however, 
although the T wave was inverted in Lead I, it was upright at CF, after cor- 
rection for the foot potential. This is one indication of the truth of a state- 
ment made elsewhere in this paper, namely, that the whole free left ventricular 
wall is not equally affected in the nephritie patients of Group 1. 

It was expected that, unlike the normal, the T wave at CF, or CF, would 
often or usually be upright when the T was inverted in Lead I. Unfortunately, 
in only two such cases was the electrode placed definitely over the right ventricle. 
In one of these, the T was upright; in the other case it was inverted. 


APPENDIX 


The Electrocardiogram: Theoretical Considerations—As in other branches of medical 
diagnosis, as electrocardiography has become less empirical and more quantitative, it has been 
found possible to define more precisely the boundary between the normal and the abnormal. 
With respect to the ventricular complex, QRS-T, the electrical effects of two processes are de- 
termined. These are depolarization of the muscle, which leads to production of the QRS 
complex, and repolarization, which produces the T wave. As projected onto the frontal plane 
of the body, these processes produce complexes of a wide variety of normal form and mag- 
nitude, for much the same reason that a person’s shadow at mid-day differs greatly from that 
just before sunset. The electrical axes, found from the limb leads, whether mean or in- 
stantaneous, are the projections onto the frontal plane of spatial axes. The projected mag- 
nitudes may be large or small depending upon whether the spatial axes nearly parallel the 
frontal plane or are nearly perpendicular to it. In their directions in relation to the mass of 
ventricular muscle these axes are relatively constant in different hearts. However, since the 
hearts of different persons exhibit a wide range of position within the thorax, so do the 
projected directions and magnitudes of the axes show a great range. 

The mean manifest QRS axis, hereinafter called Aggs, is defined in direction in terms 
of the angle alpha of Einthoven, and in magnitude in microvolt-seconds. The area of a small 
rectangle formed by the time and millimeter lines, with the usual timing and standardiza- 
tion, is 4 microvolt-seconds. From the net area of the QRS complex, above (+) or below (-) 
the base line of the electrocardiogram in any two limb leads, the direction and manifest 
magnitude (to be called Ags) of the mean manifest QRS complex can be found by methods 
previously outlined.37-39 Rotation of the ventricles about a transverse axis will cause great 
variations in this net magnitude, Agrs, which may normally range from —2 to +13 units of 4 
microvolt-seconds each.4° When the heart is not rotated about the longitudinal anatomic 
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axis of the ventricles, called SA, a small net area of QRS in the normal heart implies rota- 
tion such that the base is farther forward, or the apex farther backward than usual. A large 
Agrs implies the reverse. Clockwise or counterclockwise rotation of the ventricles about SA 
as an axis, the apex being viewed, may change the magnitude, Agrs, and causes great changes 
in the form of the QRS complex.41, 42 

The spatial T-wave axis points from those parts of the muscle which become repolarized 
latest to those which are repolarized earliest. Clearly, however, the relative timing of com- 
pletion of repolarization in any fiber membrane will depend not only upon the rate of its 
repolarization but also upon the timing of its depolarization. A change in the form or width 
of the QRS complex, as in hypertrophy of a ventricle or in bundle branch block, will change 
the relative times at which fiber depolarization occurs and will necessarily influence the rela- 
tive timing of each stage in repolarization. Hence, invariably, if the musele is normal and 
no great change in cycle length or heart movement in systole occurs, a change in the mag- 
nitude of Agrs is associated with an equal and opposite change in the magnitude of the T 
wave. Not only is the T wave affected by such QRS changes which may occur in one indi- 
vidual, but it is also modified by the individual differences in the QRS complexes of different 
persons. For every normal form of the QRS complex and the magnitude, Agrs, there is a dif- 
ferent normal range in form, direction, and magnitude of the T wave. In some normal, though 
unusually placed hearts, an inverted T wave is normal in Lead I, and a typically large, normal 
appearing T wave is quite abnormal. In other, less unusual cases, an upright T wave in Lead 
III must be regarded as abnormal. Once the effect on the electrocardiogram of positional 
variation is understood on a theoretical basis, these facts are quite easy to grasp. Empirical 
observation on the other hand may, indeed, teach the normal ranges, but only after many years 
of experience and close attention to the subject. 

As we have seen, the T wave, which is due to repolarization, is affected by heart position 
and by the normal variations in Agrs. It should be clear, therefore, that for the study of 
many problems it is desirable to have a method of measuring the electrical effect of the 
differences in time course of repolarization of the different muscle elements. This is the 
effect, which, in general, produces the usual upright T waves of Leads I and II. The method 
has been provided by Wilson and his co-workers; and the net electrical effect of the difference 
in time course of different elements, as this is projected onto the frontal plane, he has called 
the ventricular gradient.37 As he and also Bayley®°-34 have pointed out, the net area of the 
total ventricular complex, QRS-T, in any limb lead is equal to the projection of the ‘gradient, 
G, onto the line of that lead. Like other axes, G is the projection onto the frontal plane of a 
spatial axis, SG. Unlike Agrs, the magnitude of the gradient, G, is affected by a number of 
physiologic changes, and especially by heart rate. The spatial direction of SG, of course, also 
affects the magnitude of the projected gradient, G. 

The axis of the T wave has a wide range of variation in direction in different normal 
hearts and in the same heart at different heart rates. G has a smaller directional range. The 
average direction is about +40 to +45°,48 with the extremes ranging from about —15 or —20° 
to +90°. However, when the direction of the gradient is compared with its average direction 
for each intrathoracie heart position of rotation about longitudinal, transverse, and antero- 
posterior axes, its actual direction, in the slowly beating hearts of recumbent (and most 
seated) persons ranges only from 238° to the left to 15° to the right of this estimated diree- 
tion. If the heart rate is greater than 50 or 60 beats per minute, the range to the left, but 
not to the right, must be extended 4.5° for every increment in rate of 30 beats per minute.4® 
The range here given is placed at three standard deviations from the mean found in a series 
of 242 normal persons, including 78 children and 24 persons over 50 years old. Hence 
only one normal person in about 400 should have a gradient outside this range, with the 
following exception. If Agrs is of average magnitude, that is, about 5.5 or 6 units, 
or above, the range can be narrowed 3° on the right.48 If Agrs is very small (2 units 
or less) the range should be widened by 4° or 5° at either end. These statements hold 
when the anatomic axis of the heart, A (the ‘‘projection’’ of SA onto the frontal plane or 
A-P x-ray film) is estimated from the QRS complex of the electrocardiogram itself. When fi 
is measured on the roentgenogram, the range is not appreciably narrowed.4% These state- 


Fig. 3.—Patient J. L., male, aged 14 years. Blood pressure, 170/100. Leads I, I, Ill, 
and CFs from above, downward. When this electrocardiogram was taken in 1941, it was 
interpreted as within normal limits. Agrs is measured at +39°; Agrs is about 3.4 units (13.6 
microvolt-seconds); G is +59°; G is about 13.5 units. A is estimated at +49°, and G is estimated 
at +46°. Thus the gradient as measured lies 13° to the right of its usual normal position. At 
this age, and when the measurements are reasonably reliable as in this case, this deviation 
(or diversion as Bayley calls it) of G may be regarded as definitely abnormal. The U waves 
a eee slightly prominent in the precordial lead. No later electrocardiogram was taken 
n Ss case, 


Fig. 4.—Patient A. L., male, aged 16 years. Blood pressure had ranged from 150/100 to 
230/140 before this electrocardiogram was taken. Leads I, IT, III, and CF: from above, down- 
ward. Agrs is +33°; Agrs is 2.2 units. G is +57°; G is 7.9 units. Estimated ff is +83°, and the 
estimated normal position of G is +33°. Hence, 'G is deviated 24° to the right. This electro- 
cardiogram was recognized as an example of abnormal gradient deviation in 1943. Two years 
earlier we may have noted the relatively low T wave in Lead I, but would have had no 
criterion for judging whether or not it was a normal variant. The electrocardiogram is normal 
in other respects. The U wave in the chest lead is somewhat prominent, suggesting left 
ventricular overactivity. 
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ments may not apply to children under 5 or 6 years old, although 19 normal children between 
the ages of 2 and 5 years, inclusive, came within the range as given. 

It should be emphasized that, in the study of certain types of electrocardiographie prob- 
lems, the semiquantitative approach herein described is essential. We have found a number 
of electrocardiograms which, empirically, would be called either normal or doubtful, but which 
are clearly abnormal when subjected to brief analysis. On the other hand, we have in the 
past called certain electrocardiograms abnormal which, on re-examination by the gradient 
method, have proved to be within normal limits. The electrocardiogram of Fig. 3 was in- 
terpreted as within normal limits. Yet the gradient is deviated by 13 degrees from its es- 
timated normal direction. Fig. 4 shows another example. This case was recent, and the 
gradient deviation was recognized. After the blood pressure had fallen, the normal electro- 
‘urdiogram of Fig. 5 was taken from the same patient. 


Fig. 5.—Same patient as in Fig. 4. The blood pressure had fallen to 125/70. Leads as 
before. Agrs is +20°; Agrs is 3.5 units. G is +22° (versus 57° in Fig. 4); G is 11.9 units. The 
increase in G since the earlier electrocardiogram is mainly in association with the increase in 
Agrs, a usual finding. A was estimated at +32°. The estimated normal position of G was +28°. 
The 6° diversion of G to the left of its estimated position is quite normal. The U waves are 
less prominent than in Fig. 4. (Artifacts appear in Leads II and CF.) 


Method of Estimating the Direction of the Anatomic Axis, H.—The best method is to 
sketch the general form of the QRS loop of the vectorcardiogram from inspection of the limb 
lead QRS complexes,44-46 and use a model of the spatial loop, which also has indicated 
upon it the axes, SAgrs, SG, and SA (Fig. 6). As a poor substitute for this method, the 
diagrams of Figs. 7, 8, and 9 are presented. These are not absolutely accurate, and an er- 
ror of 5 or 10° in estimating A may sometimes be involved in using them; but since an error 
of this magnitude in the estimated fi introduces only half the error into the estimated 4G, 
they can be used, with extension of the range of normal by about 2° in either direction. Ex- 
planations of Figs. 7, 8, and 9 are given in the legend. 

The axes, Agrs and G, are obtained by measuring the electrocardiogram, as previously 
explained.38. 39 Having found these axes, refer to Table II. For example, Agrs may be + 70°, 
and its magnitude may be 5 units. G@ may be +55°. A has been estimated, by the method of 
Fig. 6, as +40°. The angle between A and Aggs is, therefore, 30°. This figure is found in 
the column on the left (Table II). Above, in the horizontal column, find 5 units. Where 


the lines intersect is the figure, 14. This is the number of degrees to add to i to find the 
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estimated position of G. This position in this case is +54°. The position, from measurement 
of the electrocardiogram was +55°. The actual G is 1° only to the right of the estimated 
G, much less than the errors involved in the measurements. In this example, Agrs lay to the 
right of A. If there is appreciable counterclockwise rotation about SH, A may be +40° as 
before, but Agrs may be at -2°. The angle between these axes is 42°. If Agps in this case is 


Fig. 6.—The loop on the reader’s left within the triangle is the QRS loop derived from 
the QRS complexes, as shown. On the right. outside the triangle, is the spatial QRS loop, with 
the mean spatial axes. SAgrs and SG marked thereon, together with the spatial longitudinal 
anatomic axis, SA. These axes are shown as if originating from a common origin at the notch 
in the loop. The arrows indicate the direction of rotation of the instantaneous axes. The 
form of the loop is shown fairly well, the length of SAgrs from the origin to its point being 
slightly greater than double the maximum width of the loop. The spatial loop is placed so 
that the form of its shadow (size depending on size of model) most nearly resembles the gen- 
eral form of the QRS loop derived from the limb leads. For the large majority of electro- 
ecardiograms with norm: il QRS complexes, the angle between the dashed line and the shadow 
of SA (here about 65°) will be found to correspond closely to the longitudinal anatomic axis 
of the ventricles, as found from the roentgenogram taken in the same body position as the 
electrocardiogram. This method may tend to estimate very vertical H axes as several degrees 
more vertical than the true axes, whereas very horizontal axes often appear somewhat more 
horizontal than they actually are. The loop is a compromise which best fits all cases. When 
disease or hypertrophy changes the QRS complex, the method is no longer applicable, althouzh 
it is fairly accurate in moderate left ventricular hypertrophy. Properly applied, estimates of 
A by this method should be correct within +7° in about 90 per cent of normal persons over 
5 years of age. 


Figs. 7, 8 and 9.—In each of the figures, 7, 8, and 9, the heading in capital letters refers 
to rotation of the heart about the longitudinal anatomic axis, SA. The direction of rotation 
is that which would be seen if the observer viewed the apex of the ventricles. The words, 
vertical, intermediate, and horizontal, refer to rotation about an anteroposterior axis, “accord- 
ing to established usage. On each horizontal line, three groups of QRS complexes are shown. 
In each group the first is Lead I, the second is Lead II, and the third is Lead III. In the first 
ver.ical row of QRS complex groups, the apex (or SA) has an average forward projection; in 
the second vertical row, SA points farther forward than usual: in the third vertical row, 
SA has little or no forward direction and nearly parallels the frontal plane. In general, 
Ai for the vertical groups is at about +55° ¢ for the intermediate group. Al is at about +40°; for 
the horizontal group, A is about +20 to +25° in Figs. 7 and 8, and about +25° in Fig. 9. The 
QRS complexes in Fig. 6 are roughly intermediate between "those of the top groups in the 
fourth and fifth vertical columns of Fig. 7. Although Fig. 6 indicates that H is about +65°, 60° 
would be more nearly correct. 
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4.5 units, the number of degrees found in Table II is between 16 and 18, or 17°. Since, in 
distinct rotations, G is between A and Aggrs, the 17° is subtracted from the A of 40°, giving 
+23° as the estimated position of G. In a case of this sort, if the heart rate is high, the T 
wave in Lead I may be low or even inverted, and much higher in Lead III, When ff is +40°, 
however, such strong counterclockwise rotation is uncommon. 

If there is serious doubt about the position of A, it is better not to rely on the method. 
Yet in our control series of 242 cases, not a single electrocardiogram was rejected because of 
doubt concerning Ai. In one test of the 164 adults in that series, A was arbitrarily called 
+40° (near the average) and G was then estimated. This significantly increased the range, 


proving that the estimate cannot be dispensed with. 
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IS THERE A VAGAL PULMONOCORONARY REFLEX IN PULMONARY 
EMBOLISM? 


M. R. Mauinow, M.D.,* L. N. Katz, M.D., anp B. Konpo, M.D.+ 
IL. 


HE view has been held'* that the dynamic disturbances occurring in cases 

of pulmonary embolism are to a large extent attributable to a reflex arising 
in the lungs which produces vasoconstriction of the coronary vessels via effer- 
ent vagal fibers. This has been called the pulmonocoronary reflex. The evi- 
dence presented to support this view is in part indirect and in part direct. It 
may be summarized as follows: 


A. Indirect Evidence.— 

1. The clinical and experimental effects of pulmonary embolism are often 
out of proportion to the apparent degree of occlusion of the pulmonary vascu- 
lar circuit. Thus it is believed that some reflex mechanism must be operative. 

2. There is a rich afferent nerve supply to the lung vasculature over which 
reflexes are known to be established which affect the respiratory and cireula- 
tory apparatus, including ectopie rhythms of the heart. 

3. An electrocardiographie pattern simulating that seen after coronary 
occlusion occurs in pulmonary embolism both clinically and experimentally. 
Therefore, it is argued, the electrocardiogram presents evidence of coronary 
insufficiency.2 * It is maintained that this coronary insufficiency is due to a 
reflex coronary vasoconstriction. 

4. Since it has been claimed on the basis of experimental observations* 
that the vagi are coronary constrictors, it is further argued that the reflex 
vasoconstriction in pulmonary embolism is a pulmonocoronary reflex having its 
afferent path in the nerve fibers coming from the lung blood vessels and its 
efferent path in the vagus fibers going to the coronary vessels. 


B. Supposed Direct Evidence.— 

1. There is a higher survival rate of animals in which pulmonary embolism 
is induced after bilateral cervical vagotomy':*»* when compared with those in 
which the vagi are intact. 

2. There is a less frequent occurrence of ectopic rhythms in animals in 
which pulmonary embolism is induced after bilateral cervical vagotomy.’ * ° 
when compared with those in which the vagi are intact. 
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3. There is an absence of the specific pattern in the electrocardiogram in 
animals with pulmonary embolism after bilateral cervical vagotomy” * * as 
compared with its oceurrence when the vagi are intact. 

4. Effects similar to those described in 1, 2; and 3 oceur after atropiniza- 
tion as compared to pulmonary embolism before its use.* ® 

5. There is a beneficial clinical effect of atropine on the course of pulmo- 
nary embolism.* 

Critique of Evidence.— 

When this evidence is surveyed critically, adequate alternatives can be 
offered for the findings. 
Thus.— 

1. The phenomena mentioned in 1 and 2 of A may indicate a reflex 
mechanism, but this may be in the nature of pulmonopulmonary reflex,’ raising 
pulmonary resistance beyond that caused by the actual embolic closure. A 
reflex bronchiolar constriction may also occur increasing the effort of breath- 
ing. The latter might possibly be lessened by vagus section and by atropine. 
The existence of such reflex mechanisms would increase the work of the right 
heart which could make for a relative coronary insufficiency on a purely dy- 
namie basis.‘ A reflex origin of the ectopic rhythms may be involved, and this 
might be propagated over the vagi, contributing to the dynamic handicap and 
to the chance of irreversible ventricular fibrillation. If any or all of these 
reflexes do occur in pulmonary embolism they may operate over pathways 
other than the vagus nerve trunks. 

2. Statement 3 of A does not exclude a purely dynamic coronary insuffi- 
ciency due to right heart congestion, increased work of the right heart, and 
decreased aortic pressure, all resulting from the pulmonary arterial obstruction. 
The factors involved which lead to such a dynamic relative coronary insufficiency 
have been described in detail by us.*:'°'* They could explain the coronary-like 
electrocardiogram without invoking a reflex coronary constriction. 

3. Statement 4 of A is not universally accepted. The evidence is contradic- 
tory... Our own results in the dog have suggested that the vagi are actually 
cholinergic coronary vasodilators’; the contrary evidence is far from convine- 
ing to us. 

4. The statements in B may be purely chance variations. Survival rates 
of animals and the frequeney of ectopic rhythms and electrocardiographic 
changes must be based on larger series than those reported in order to be statis- 
tically significant. Our own experience’ '° and that of others’* have shown the 
great variability of the results of pulmonary embolism when. the vagi are in- 
tact. Evidence comparing vagotomized with nonvagotomized animals there- 
fore cannot be considered direct evidence unless statistical analysis shows the 
differences to be significant and this has not yet been demonstrated. This is 
particularly true of the frequency of the occurrence of the specific electro- 
eardiographie changes with which the present report is concerned. 
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In short, the evidence presented for the presence of the pulmonocoronary 
reflex over the vagi is unconvincing, and other equally valid explanations for 
the findings, supposedly supporting this view, can be advanced. 

It was therefore deemed advisable to reinvestigate this question directly 
in a simple way, namely, to see if sectioning of the vagi in a dog would abolish 
the specific electrocardiographie contour produced by pulmonary embolism 
and cause the electrocardiogram to revert toward normal. The present report 
deals with the results of such an investigation. 


METHODS 

Dogs weighing between 11 and 13 kg. were used in this study. They were 
anesthetized with nembutal (25 mg. per kilogram), and supplementary nembutal 
was given in the course of the experiment when necessary to keep the dogs at a 
surgical level of anesthesia. Massive emboli to the lungs were produced in the 
manner previously described.'° However, the size of the emboli was smaller (0.5 
to 1 ¢.c. capacity, as against 5 ¢.c. in the previous studies) because smaller-sized 
dogs were used, and because multiple successive emboli (anywhere from one to 
16) were employed. Each embolus was foreed in with 100 ¢.e. of saline. In 
order to avoid electrocardiographie changes which might result from changes 
in the position of the animal,’ a special trough animal board was constructed 
which minimized the change in the animal’s position. The emboli were labeled 
so that their location and effect on the electrocardiogram could be correlated. 
Passage of the emboli in most cases was made under fluoroscopic control. 
Autopsy was performed to verify the location of the emboli. 

A control record was taken and only those animals which showed positive or 
diphasie T waves in Leads II and III were used for embolization. After an 
embolus reached the pulmonary vessels, as evidenced by fluoroscopy, records were 
taken every thirty minutes until definite changes from the control appeared and 
persisted. When necessary, to produce a definite change, more emboli were 
passed. After definite persistent changes were obtained, both vagi were cut in 
the neck and a record was obtained immediately and every fifteen minutes there- 
after for an hour. In some animals further emboli were then passed. 

As a control, the procedures of anesthesia, cannulation of the jugular vein, 
periodie saline infusion, and vagotomy were performed in several animals, but 
no emboli were passed. Electrocardiograms were taken every hour before 
vagotomy and every twenty minutes after vagotomy. 


RESULTS 

A. Controls —Four normal control animals were used in this study. The 
results in the controls are shown by Figs. 1 and 2. Slight changes in the S-T 
deviation and of the size of the T waves occurred, but the changes were not sig- 
nificant. In three of the four dogs, vagotomy had no effect. In one animal (Fig. 
2) a transient change in the electrocardiogram appeared immediately after 
vagotomy. These controls serve to show that in any changes following em- 
bolism the emboli themselves must be the causative factors. 
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Furthermore, in the course of the preliminary experiments, pulmonary 
embolism was produced in seven dogs after bilateral vagotomy, and in five, 
electrocardiographie abnormalities appeared similar to those described. 

Cardiac irregularities were commonly seen during the passage of the 
emboli.” '° These consisted usually of frequent ventricular premature systoles 
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Fig. 2.—Control experiment. A, After anesthesia, 25 mg. of nembutal per kilogram. B, 
Six hours later; the dog had received a total of 38 mg. of nembutal per kilogram and 200 


c.c. of isotonic saline in the interim. C, Two minutes later, immediately after bilateral cer- 
vical vagotomy. D, One hour after C. 


Fig. 3.—Pulmonary embolism experiment. A, Control after anesthesia, 25 meg. of 
nembutal per kilogram. 8B, Five hours later; the dog had received a total of 7 mg. of 
nembutal per kilogram and 450 c.c. of isotonic saline in the interim, as well as three pul- 
monary emboli, two in the right and one in the left main pulmonary arteries. C, Five min- 
utes later, after bilateral cervical vagotomy. D, One hour after C. E, Two hours after D, 
the dog had received 6 more emboli, 4 in the common, 1 in the right main pulmonary artery, 
and another (the last) in the cavity of the right ventricle in the interim. This record shows 
a paroxysmal ventricular tachycardia. The dog died of ventricular fibrillation fifteen min- 
utes after the last embolus. 
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Fig. 3.—(For legend see opposite page.) 
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and paroxysmal ventricular tachyeardia. They occurred also in vagotomized 
animals. Two animals died of ventricular fibrillation: one, two minutes after 
passage of the fifteenth embolus, the other, fifteen minutes after the passage of 
the ninth. Both of these animals had been vagotomized and in both the fatal 
embolus was found lodged in the right ventricular cavity. 
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Fig. 4.—Pulmonary embolism experiment. A, Control after anesthesia, 25 mg. of 
nembutal per kilogram. 8B, Forty minutes later; the dog had received one embolus in the 
main right pulmonary artery. C, Ten minutes later, shortly after bilateral cervical vagotomy. 
D, Twenty hours after C, the dog had received a total of 54 mg. of nembutal per kilogram 
in the interim and showed very slow, deep breathing at this time. 


The emboli in the pulmonary vasculature were found in the common pul- 
2 
monary artery in half the cases and in the other half they were equally divided 
between the major right and major left branch. 


DISCUSSION 

Our results clearly indicate that: (1) Experimental pulmonary embolism 
often produces definite electrocardiographic changes, thus confirming our pre- 
vious results’ and those of others.’ (2) Similar electrocardiographic 
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changes can be produced in bilateral vagotomized animals. (3) Sectioning the 
ragi in the neck does not cause the electrocardiographie abnormalities to dis- 
appear. This confirms the observation on one animal made by Love and his 
co-workers.’ (4) There is a wide range in the degree to which pulmonary 
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Fig. 5.—Pulmonary_ embolism experiment. A, Control after anesthesia, 25 mg. of 
nembutal per kilogram. B, Thirteen hours after A; the dog had received a total of 29 mg. 
more of nembutal per kilogram and 1,400 cc. of saline in the interim as well as ten pul- 
monary emboli located in the common and right and left main pulmonary arteries. OC, Ten 
minutes after B, immediately after bilateral cervical vagotomy. D, One hour after C. 


emboli produce the electrocardiographie abnormalities, and the number of emboli 
needed to produce electrocardiographie changes are variable. (5) The time of 
appearance of the electrocardiographic changes after embolism is also variable 
depending apparently on the aceretion of thrombi upon the embolus. 
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The most significant finding in our present study was the persistence of 
the electrocardiographie abnormalities after bilateral vagotomy. It should be 
emphasized that our results are entirely unambiguous in this respect and there- 
fore are against the view that any of the cardiac changes and the fatal out- 
come of pulmonary embolism are to be attributed to the hypothetical pulmono- 
coronary reflex over the vagus nerves. The dynamie explanation for ecardiae 
embarrassment and coronary insufficiency which we have suggested in pre- 
vious work* *° and summarized elsewhere’ will adequately account for the 
experimental and clinical findings in pulmonary embolism. 

Even a dynamie cause of coronary insufficiency, however, does not pre- 
clude the advantageous use of coronary vasodilator drugs in pulmonary em- 
bolism as these would be indicated in any case of relative coronary insuffi- 
ciency regardless of origin. It is problematic, as stated before, whether 
atropine has such a dilator action. However, if atropine is effective in pul- 
monary embolism it must act upon some mechanism other than the coronary 


vessels. 
CONCLUSION 


Experimental studies upon pulmonary embolism have revealed that bilateral 
cervical vagotomy does not abolish the electrocardiographie alteration produced 
by the emboli. Pulmonary emboli produce electrocardiographic changes in bilat- 
eral vagotomized animals that are similar to the changes produced by pulmonary 
emboli in nonvagotomized dogs. 

These results indicate that there is no ground for the assumption of a vagal 
pulmonocoronary constriction reflex in pulmonary embolism. 

Alternative dynamie explanations are adequate to account for the coronary 
insufficiency encountered in pulmonary embolism. 


We are indebted to Dr. N. Grossman for assistance with these experiments. 
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UNSTABLE T WAVES IN LEADS II AND III IN PERSONS WITH 
NEUROCIRCULATORY ASTHENIA 


Masor Martin H. Wenpkos, M.C., Mayor Rosert Bruce Logue, M.C. 
ARMY OF THE UNITED STATES 


INTRODUCTION 


LTHOUGH much has been written concerning the psychiatric and clinical 
aspects of neurocirculatory asthenia, there is only a meager number of con- 
tributions which refer to the electrocardiographic features of this disorder. Of 
these reports, most are concerned with distortions of the T wave in Leads II 
and III’~* but, with a single exception,* the emphasis has been placed upon the 
appearance of such changes only when the electrocardiogram is obtained with 
the subject sitting’? or standing.* For this reason, these bizarre ventricular 
deflections have been ascribed either to a presumed electrical reorientation of 
the heart resulting from changing contacts between the heart and surrounding 
intrathoracic tissues’? or, in spite of a lack of any correlated measurements 
to support the contention, to a diminution in coronary flow.’ In any event, in 
both of these views the basic importance of a concomitant asthenic habitus has 
been stressed; in the one ease because it will allow a greater freedom of cardiac 
mobility,’ * and in the other because a congenitally small heart, which sup- 
posedly cannot maintain an effective coronary circulation during the readjust- 
ments to postural change, is always assumed to be associated with such a body 
build.* However, since neither of these interpretations could be reconciled 
with the occurrence of similar alterations in the electrocardiograms of persons 
with functional derangements of the cardiovascular system when the record is 
made with the subject recumbent,’ * the authors undertook to explore other 
possible mechanisms which could account for these T-wave changes. The ob- 
servations of Ewert® and others,” ® which indicated that augmented adrenergic 
activity can be responsible for orthostatic T-wave modifications in Leads II 
and III in persons subject to syncope, suggested that a disturbance of normal 
vagosympathetic relationships might equally well be applied to explain, in 
eases of functional heart disease, comparable changes in records made with 
the subject standing, sitting, or recumbent. This consideration prompted a 
series of experiments by us in a group of patients with neurocirculatory 
asthenia. This report presents the results of such studies. 


MATERIAL AND METHOD 


Among a group of men originally referred to the hospital for a cardio- 
vascular survey because of physical signs and/or symptoms suggestive of 
structural cardiae disease, 25 patients were selected for more detailed study 
because their electrocardiograms revealed T-wave changes in Leads II and III 
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in the upright position alone or in both the recumbent and upright positions, 
in spite of the fact that no substantiating evidence of organic heart disease 
could be established during a suitable period of observation. Such a method 
of selection therefore excluded from the study those who exhibited any of the 
following stigmas: persistent elevation of the arterial blood pressure; per- 
sistent tachyeardia; any type of eardiae arrhythmia other than a sinus ar- 
rhythmia; systolic cardiac murmurs which were not significantly modified by 
heart rate, postural change, and the respiratory phases; orthostatic hypoten- 
sion; elevated erythrocyte sedimentation rate; an elevated basal metabolic 
rate; cardiac and/or aortie enlargement as estimated in the teleroentgenogram 
by generally accepted methods of cardiae mensuration. 

The subjects ranged in age from 18 to 35 years. No one body type was 
consistently encountered; the asthenic, the hypersthenic, and the intermediate 
body builds occurred with about equal frequency. The presenting symptoms, 
not all of which appeared in every ease, included nervousness, weakness, exces- 
sive perspiration, palpitation, dull or sharp left inframammary pain unrelated 
to exertion and usually associated with hyperesthesia over the precordium ; 
aches in various joints without redness, swelling, or limitation of motion of 
these structures; dizziness; shortness of breath of the nonhyperventilation 
type and usually described as ‘‘a feeling as though not enough air can get into 
the lungs.’’ 

The cardiovascular apparatus was repeatedly serutinized by the usual 
methods of physical examination. In addition, teleroentgenograms of the chest 
and erythrocyte sedimentation rate determinations were routinely obtained. 
In many instances the basal metabolic rate also was measured, 

The electrocardiographic studies were performed in the following man- 
ner: on the day of admission a record, both in the recumbent and in the up- 
right position, was obtained,* after the technician ascertained that the patient 
had not been smoking for at least thirty minutes prior to the time of the test. 
The leads employed were the three standard limb leads and precordial leads 
CF: and CR: taken according to the technique recommended by the American 
Heart Association. The chest position was carefully marked in order to ex- 
elude the possibility of malposition of the exploring electrode, a factor which 
might contribute to distortion of the T wave in the precordial lead. 

On the following day, a set of tracings was again obtained and immedi- 
ately inspected by one of us. If T-wave distortions were noted in Leads II and 
III in these records, electrocardiograms were made thirty and sixty minutes 
following the intravenous administration of 0.5 mg. of ergotamine tartrate 
(Gynergen){; the technician made certain that the subject had abstained from 
smoking prior to and during the experiment. 


*Previous experiments had indicated that the orthostatic effects upon the _ electro- 
cardiogram which follow an active change of position were no different from those which fol- 
lowed tilting of the subject to an 80-degree angle with the horizontal, provided the patient did 
not sway excessively after assuming the upright position, and provided a short waiting period 
of two minutes was employed to allow for vascular readjustments. For this reason, both 
methods were interchangeably used. 

*Previous clinical trials had indicated that the maximal sympatheticolytic effects of 
ergotamine tartrate, when the drug is administered intravenously in a dosage of 0.5 mg., 
appear between thirty and sixty minutes after the injection and will last ninety minutes after 


the injection. 
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Of those patients whose records showed orthostatic T-wave distortions in 
Leads II and III, several were selected for an experiment in which the electro- 
cardiographic changes which followed the Flack test could be observed. In 
the performance of this type of experiment, a continuous record of Lead IT 
was obtained with the subject recumbent just prior to and during a period of 
foreed expiration. The expiratory blast was maintained to the point of ob- 
literation of the radial pulse and was of sufficient force to raise and maintain 
a column of mercury in the sphygmomanometer to a level of 40 millimeters. 

In certain other instances in which orthostatic T-wave abnormalities had 
developed in Leads IT and III, comparable records were obtained in the up- 
right position before and after compression of both legs at the mid-thigh level. 
The compression was accomplished by snugly fitted pneumatic cuffs inflated 
to a pressure of 300 mm. of mereury and maintained at this level throughout 
the experiment. The pressure was applied while the patient was supine and 
after the legs had been elevated for a sufficient length of time to permit the 
blood in the superficial veins to drain off as much as possible. Localized bulg- 
ing of the inflated cuff was prevented by the application of an elastic bandage 
around the cuff before it was inflated. When significant modifications of the 
orthostatic distortions resulted from this procedure, the experiment was re- 
peated with compression of equivalent degree being applied just above each 
ankle. 

Finally, in certain selected cases, the effects of amy] nitrite and atropine 
sulfate were tested separately. The electrocardiograms were made with the 
patient in the recumbent position, and the patient had abstained from tobacco 
prior to and during the testing period. <A control curve having been obtained, 
the amyl nitrite was administered by inhalation from a freshly broken pearl 
containing 5 minims of the drug, after which the electrocardiographie effects 
were recorded in either a single lead or in multiple limb leads during the rela- 
tively brief period when flushing of the skin and tachycardia were maximal.* 

The atropine sulfate was administered subcutaneously. Records were ob- 
tained forty to sixty minutes afterward. The dose employed was usually 2.5 
mg.t dissolved in 2 ¢e.e. of sterile water. 


ANALYSIS OF DATA 


In each of the 25 cases which form the basis for the present study, ortho- 
statie distortions of the T wave accompanied by varying increments in the 
heart rate, appeared in Leads II and III. In each instance, the orthostatic 
T-wave abnormality was completely, or almost completely, abolished by the 
administration of a sympathetieolytic drug (ergotamine tartrate), and in five 
instances it was considerably modified by compression of the thighs. In 15 of 
these patients, changes analogous to those which resulted from the assumption 


*The vaporized contents of a pearl of amyl nitrite containing 5 minims of the drug will 
reflexly excite sympathetic activity to a profound degree. These sympatheticomimetic effects 
are maximal within thirty to sixty seconds after the inhalation of that amount of the drug, 
and completely disappear in two to three minutes. 

*Previous trials had indicated that in order to ensure the vagoparetic action from 
atropine sulfate, the drug must be administered in this large dosage. When given hypo- 


dermically, the maximal effect will appear between forty and sixty minutes after its injection, 
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of the upright position were provoked by a sympatheticomimetic drug (amyl 
nitrite) in the electrocardiogram made with the subject recumbent. In 10 in- 
stances, the T wave in Leads II and III of the electrocardiogram made in re- 
cumbenecy underwent varying degrees of modification following the adminis- 
tration of a vagoparetie drug (atropine sulfate). A similar effect followed the 
Flack maneuver in six instances. The data from five representative cases 
which have been selected for more detailed analysis will be separately reviewed. 


RECUMBEN1 RECUMBENT STANDING STANDING 
CONTROL : CONTROL 


Aft ER ERGOTAMINE 


Fig. 1—Case 1. The electrocardiogram is discussed in the text. 


Case 1,—1. Although the orthostatic T-wave distortions in Leads II and III were asso- 
ciated with some cardiac acceleration, an associated orthostatic tachycardia, in the strict- 
est sense, had not developed. The heart rate with the patient in the recumbent position 
averaged 70 per minute and, in the upright position, 95 per minute (Fig. 1). 

2. Although the heart rate with the patient in the recumbent position became more 
rapid after the administration of a vagoparetic drug than it had following the assumption 
of the upright position alone, significant T-wave distortions in Leads II and III developed 
only during the period of standing. On the other hand, the T-wave distortions in the pre- 
cordial leads which developed in recumbency after atropine sulfate, and in the upright 
position before the drug was given, were comparable (Fig. 1). 2 

3. A sympatheticolytic drug (ergotamine tartrate) prevented orthostatic cardiac 
acceleration and also orthostatic T-wave distortions (Fig. 1). 

Comment.—The orthostatic T-wave distortions in Leads II and III might conceivably 
be related to a shortening of the diastolic period which inevitably supervenes with an 
acceleration of the heart. Conversely, then, the prevention by means of ergotamine tar- 
trate of these orthostatic effects upon the ventricular deflection might be presumed to be 
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due merely to a lengthening of the diastolic period which ensues with a reduction of the 
heart rate. This view cannot be arbitrarily denied, but it hardly seems applicable in this 
instance, since the configuration of the T wave in Leads II and IIT is not significantly 
modified by atropine sulfate, even though the cardiac acceleration which followed the ad- 
ministration of this vagoparetic drug exceeded that which resulted from the assumption of 
the upright position. An alternative concept, which immediately suggests itself as an 
explanation of this difference, is the possibility that an augmentation of sympathetic 
activity, physiologically provoked either by the assumption of the upright position or the 
administration of a vagoparetic drug, can accelerate the sinus rate (ci ronotropic effect ) 
and independently modify the events associated with electrical systole (dromotropie effect). 


RECUMBENT RECUMBENT 
CONTROL ERGOTAMINE 
I 


Fig. 2.—Case 3. The electrocardiogram is discussed in the text. 
Following the administration of a sympatheticolytie drug, such a distinction can appar- 
ently be made in some instances, the form of the T wave becoming modified without any 
significant change in the heart rate (Fig. 2). Therefore, the normalization of the ventricu- 
lar deflection by ergotamine tartrate, when the electrocardiogram was made with the 
subject standing, might be ascribed not only to the decrement in the standing heart rate, 
but also to an inhibition by this drug of a dromotropic sympatheticomimetie effect reflexly 
provoked by the upright position. In addition, this response of the T waves to the ad- 
ministration of ergotamine tartrate would seem to exclude a change in eardiae rotation 
as being responsible for the original orthostatic aberrations of the ventricular deflections. 


CasE 2.—1. The maneuver of tilting the body upright to approximately 80 degrees did 
not result in a distortion of the T wave in Leads II and III unless a significant cardiac 
acceleration also developed (Fig. 3). 

2. A sympatheticolytic drug (ergotamine tartrate) prevented any significant ortho- 
static cardiac acceleration and also any orthostatic T-wave distortions (Fig. 3). 

3. In the electrocardiogram made with the subject recumbent, T-wave changes in 
Leads II and III were provoked by the administration of amy] nitrite or atropine sulfate. 
These changes were of the same nature, if not necessarily of the same degree, as those 
which followed the assumption of the vertical stance (Fig. 3). 

Comment.—The facts that orthostatic distortions of the T waves in Leads II and III 
oceur only in association with cardiac acceleration and that such distortions can be prevented 
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by the use of a sympatheticolytic drug which also reduces the heart rate suggest that the 
abnormal form of the T wave is related either to the shortened diastolic period which 
results from the cardiac acceleration or to a mechanism which can provoke a sinus tachy- 
cardia as well as independently modify the events associated with electrical systole. The 
interpretation that the bizarre T wave is related to the increased heart rate per se would 
seem to be supported by the fact that, following the administration of amyl nitrite, changes 
identical with the orthostatic distortions occur in records made with the subject recumbent, 
provided that a comparable acceleration of the rate is provoked by this drug. On the 
other hand, the fact that the administration of atropine sulfate and of amyl nitrite produce 
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Fig. 3.—Case 2. The electrocardiogram is discussed in the text. 


unequal degrees of T-wave modification, even though the tachyeardia produced by these 
drugs is identical, would suggest that the tachyeardia and the orthostatic T-wave changes 
represent separate chronotropic and dromotropie actions, respectively, of a sympathetico- 
mimetic effect. The differing dromotropic influences of atropine sulfate and amyl nitrite, 
in turn, can be predicated upon the fact that the latter drug is the more profound ad- 
renergic stimulant in man.5 The orthostatic distortions of the T wave which develop in 
Leads II and III when there is an associated orthostatic tachyeardia presumably are also 
an electrocardiographic expression of the dromotropic effect of heightened sympathetic 
activity, since they do not appear when the heart is under the influence of a sympathetico- 
lytic drug such as ergotamine tartrate. Also, this modifying influence of ergotamine tar- 
trate, as well as the lack of any significant T-wave change when the upright position is 
unassociated with any significant cardiac acceleration, are undoubtedly strong evidence 
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against the opinion that increased cardiac mobility is responsible for orthostatic distortions 
of the ventricular deflections. 
The likelihood that the original orthostatic distortions of the T wave are to be 
ascribed to impaired coronary flow would seem to be excluded by the normalizing effect 
" of ergotamine tartrate since this drug is believed to produce also some constriction of the 
coronary arteries. Too, the marked distortion of the T wave in Leads II and III which 
followed the administration of a profound coronary dilator such as amy] nitrite indicates 
that a reduction in coronary flow is not a valid concept in attempting to explain T-wave 
changes which may occur in cases of neurocirculatory asthenia. 
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Fig. 4.—Case 3. The electrocardiogram is discussed in the text. 


Case 3.—1l. During a febrile period, the electrocardiogram made with the subject re- 
cumbent revealed the presence of a sinus tachycardia with a heart rate of 130 per minute and 
concomitant inversion of the T wave in Leads II and III (Fig. 4). 

2. During an afebrile period, the electrocardiogram made with the subject recumbent 
revealed the presence of a sinus rate of 60 per minute and T waves in Leads II and III of 
normal amplitude and configuration (Fig. 4). 

3. Distortions of the T wave in Leads II and III occurred when the electrocardiogram 
was made with the subject recumbent, immediately following the inhalation of amyl nitrite. 
These changes in the ventricular deflection were associated with an increase in the sinus rate 
to 125 per minute (Fig. 4). 

4. Distortions of the T wave in Leads II and III followed the assumption of the upright 
position alone. These changes in the ventricular deflection were associated with an equally 
significant increment in the heart rate and were abolished either by constriction of the thighs 
or by the administration of ergotamine tartrate, both of which procedures resulted in a re- 
duction in the orthostatic heart rate to approximately 100 beats per minute (Fig. 4). 

Comment.—In records made with the subject recumbent, T wave-distortions in Leads 
II and III occurred spontaneously during a febrile period or were provoked, when no fever 
was present, by the inhalation of amyl nitrite. Since these changes are analogous to those 
which followed the assumption of the upright position, the possibility is suggested that a 
similar mechanism is operative in these modifications of the ventricular deflections. Inas- 
much as cardiac acceleration is a concomitant occurrence in all these circumstances, it might 
be presumed that the tachycardia alone, with its resultant shortening of the diastolic period, 
might be the factor responsible for the altered shape of the T wave. 
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On the other hand, it seems to be equally plausible to relate both the tachycardia and 
the bizarre T waves to the separate chronotropic and dromotropic effects, respectively, of 
heightened sympathetic activity provoked either by the fever, the amyl nitrite, or the 
vertical stance. In this particular case, such an interpretation is especially applicable, 
since on another occasion, in a record made with the subject recumbent, the administration 
of a sympatheticolytic drug was followed by a significant modification in the T waves with- 
out any alteration of the heart rate (Fig. 2). It is also noteworthy that either ergotamine 
tartrate or constriction of the thighs considerably modified the orthostatic distortion of 
the T waves in Leads II and III. Although this effect was presumably achieved by these 
procedures because of their inhibitory influences upon reflex sympathetic excitation, the 
mode of action is undoubtedly dissimilar. In the former instance a pharmacologic barrier 
between sympathetic fibers and end organs in the heart was created, whereas the other 
maneuver acted to improve venous return, thereby diminishing the intensity of reflex 


adrenergic activity. 
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Fig. 5.—Case 4. The electrocardiogram is discussed in the text. 


In this case, too, cardiae mobility must be dismissed as a cause for the original ortho- 
statie aberrations of the ventricular deflection. Otherwise, the correction of the orthostatic 
distortions of the T wave by ergotamine tartrate or compression of the thighs would be 


difficult to explain. 


Case 4.—1. Moderately pronounced orthostatic distortions of the T waves in limb*leads 
II and III and in precordial leads CF, and CR, developed, in association with some cardiac 
acceleration, although a true orthostatic tachycardia did not oceur. The heart rate in 
recumbency was approximately 60 beats per minute and in the upright position approxi- 
mately 95 beats per minute (Fig. 5). 

2. In the electrocardiogram made with the subject recumbent, after the administra- 
tion of a vagoparetic drug such as atropine sulfate, the T wave in all leads became con- 
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siderably more bizarre, but these changes in the ventricular deflection were associated 
with a more significant cardiac acceleration (Fig. 5). 

3. In the electrocardiogram made with the subject in the upright position after com- 
pression of the thighs, the T waves in Leads CF, and CR, (which were the only leads 
available for inspection) reverted to a positive deflection. This change in the T wave was 
associated with a decrement in the heart rate of only 12 beats per minute (Fig. 5). 

Comment.—Although orthostatic T-wave distortions in the limb leads developed in 
association with a moderate degree of cardiac acceleration, even more profound changes 
in the ventricular deflection were seen when the electrocardiogram was made with the 
subject recumbent, after the administration of atropine sulfate. Obviously, the disparity 
is not to be related to differences in cardiac rotation, since the ventricular deflections in 
the precordial leads in the orthostatic electrocardiogram were normalized merely by a 
maneuver (compression of the thighs), which could not possibly influence the position of 
the heart within the chest. It must therefore be concluded that the configuration of the 
T wave is related to the heart rate in one of two ways: first, that the more rapid the rate, 
the shorter the diastolic period and hence the more abnormal the T wave, or, second, 
that the increase in rate and the T-wave changes are separate chronotropic and dromo- 
tropic effects, respectively, of heightened sympathetic activity. The first interpretation 
applicable, since, in this instance, the orthostatic T-wave distortions 


does not seem to be 
a heart rate of less than 100 per minute, which was hardly sufficiently 


were associated with 
high to shorten the diastolic period enough to distort the T waves. 


CasE 5.—1. On the day of admission, in the routine tracing obtained in the recumbent 
position, there was a sinus tachycardia with a heart rate of 140. The T waves were con- 
siderably distorted in Leads IT and III (Fig. 6). 

2. On the following day, in the recumbent position, the tachycardia had disappeared 
and the T waves were normal (Fig. 6). 

3. Distortions of the T waves in Leads II and III, identical with those which were 
evident in the recumbent electrocardiogram on the day of admission, were provoked by the 
upright position even though the degree of cardiac acceleration was much less pronounced 
(Fig. 6). 

4, The orthostatie distortions were prevented by a sympatheticolytic drug, such as 
ergotamine tartrate. This prevention of the orthostatic T-wave distortions was associated 
with some retardation of the orthostatic cardiac acceleration (Fig. 6). 

5. A vagoparetic drug such as atropine sulfate produced in the recumbent electro- 
-ardiogram distortions of the T waves in Leads II and III which are comparable to those 
which resulted from the upright position (Fig. 7). 

6. The orthostatic T-wave distortions in Leads II and III were also abolished in large 
part by constriction of the thighs. This effect was also associated with a retardation of 
the orthostatic acceleration of the heart (Fig. 7). 

7. A sympatheticomimetic drug, such as amyl nitrite, produced in recumbency, some 
eardiae acceleration and inverted the T waves in Lead II to the same extent as did a 
vagoparetic drug or the assumption of the upright position (Fig. 7). 

8. The Flack maneuver, in recumbency, was followed by an inversion of the 'T’ wave 
in Lead II, resembling the distortion of this deflection which is produced by a sympatheti- 
eomimetie drug such as amyl nitrite, by a vagoparetic drug such as .atropine sulfate, or 
by the assumption of the upright position (Fig. 7). 

Comment.—It is evident that in this case cardiae acceleration was constantly an asso- 
ciated feature in those electrocardiograms in which abnormal T waves appeared in Leads 
II and III. For this reason, the bizarre T waves would seem to be related to the tachy- 
eardia with its resultant shortening of the diastolic period. This view seems to be sup- 
ported by the fact that the orthostatic distortions of the T wave are abolished when the 
heart rate in the upright position is reduced by a sympatheticolytic drug or by compres- 
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Fig. 6.—Case 5. The electrocardiogram is discussed in the text. 
RECUMBENT RECUMBENT RECUMBENT RECUMBENT STANDING ‘STANDING 


CONTROL ATROPINE FLACK NITRITE CONTROL THIGHS CONSTRICTED 


Fig. 7.—Case 5. The electrocardiogram is discussed in the text. 
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sion of the thighs. On the other hand, the Flack test, which is known to reflexly excite 
adrenergic activity by diminishing venous return,® inverts the T wave without accelerating 


This might imply that an augmented sinus rate and a concomitant 


the rate (Fig. 7). 
T-wave distortion can be considered separate chronotropic and dromotropic effects, respec- 
tively, of heightened sympathetic activity, and that the two need not necessarily always 
act in combination to the same degree. In extension of this concept, the salutary effect 
of a sympatheticolytic drug or of compression of the thighs on the orthostatic T-wave 
distortions would be interpreted to indicate that both of these procedures have inhibited, 
in a selective manner, both the chronotropic and dromotropic effects of heightened sympa 
thetic activity provoked by the upright position. 

The remarks which have been incorporated in the discussion of the previous cases, 
concerning the possible relationship between cardiac mobility or impaired coronary flow 


and the orthostatic T-wave distortions, apply also to this case. 


RECUMBENT STANDING 


Fig. 8.—For description, see text. 


DISCUSSION 

Although we have presented evidence which seems to refute the interpreta- 
tion that a change in cardiac rotation’ * or a diminution in coronary flow® is 
chiefly responsible for the T-wave distortions which develop in Leads II and 
[II when an electrocardiogram is made with the subject standing, it is not the 
intent of this report to discredit the practice of obtaining orthostatic records 
in eases of neurocireculatory asthenia. On the contrary, it is considered by us 
to be a useful procedure in the study of patients with functional cardiovascular 
disturbances, since such provocative aberrations of the ventricular deflection 
apparently offer a simple objective method for the recognition of an under- 
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lying vegetative disorder. Support for this view is to be found in the obser- 
rations of one of us® that, in emotionally stable individuals, even though they 
are of asthenie habitus, the assumption of the upright position will not induce 
significant T-wave changes (Fig. 8). Supposedly, in the normal subject, the 
orthostatic augmentation of sympathetie activity which physiologically de- 
velops because of the vascular readjustments which accompany the vertical 
stance® is not in itself adequate to produce a registrable dromotropie effect 
upon the events associated with electrical systole, even though a chronotropic 
effect is evident in the moderate eardiae acceleration which occurs. Ortho- 
static T-wave distortions in patients with neurocireulatory asthenia are there- 
fore presumed to represent additive sympatheticomimetie effects, i.e., reflex 
adrenergic activity superimposed on a state of autonomie imbalance with 
svympatheticotonic preponderance. The latter is believed to arise from the 
anxiety, with its attendant disruption of normal vagosympathetie relationships, 
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- Fig. 9.—For description, see text. 


which is recognized to be a fundamental component in the syndrome of fune- 
tional heart disease.’® It is also conceivable that, when the dysfunction of the 
vegetative nervous system is sufficiently profound, the resulting sympathetic 
overactivity may express itself in much the same manner as it has in the pre- 
cordial leads in emotionally unstable persons,"’ so that spontaneous T-wave 
aberrations will appear in Leads II and III even when the electrocardiogram 
is made with the subject recumbent. Actually such changes have been noted, 
in not a few instances, in eases of neurocirculatory asthenia* ° and, as in the 
case of analogous T-wave alterations in the precordial leads,‘ the mechanism 
responsible for them seems to be established from the normalization which 
follows the administration of a sympatheticolytic drug, such as ergotamine 
tartrate (Fig. 9). Therefore, it would appear that this simple testing method 
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ean be utilized to distinguish neurogenic T-wave changes from those due to 
intrinsic heart disease, and thus provide a means for the proper appraisal of 
aberrations of the ventricular deflection which oceur without any other evidence 
of structural cardiac disease. 

SUMMARY 


1. It has been demonstrated, in a study of 25 patients with neurocireula- 
tory asthenia, that heightened sympathetic activity, rather than a change in 
eardiae rotation or a diminution in coronary flow, is chiefly responsible for 
abnormalities of the T wave which appear in Leads II and III in electrocardio- 
grams made with the subject recumbent or standing. 

2. Since a fundamental component of neurocirculatory asthenia is a dis- 
ruption of normal vago-sympathetic relationships, it is possible to reconcile 
with this disorder such ‘‘sympatheticogenic’’ aberrations of the ventricular 
deflections. 

3. The body build does not seem to be the factor responsible for T-wave 
changes in neurocirculatory asthenia, since such abnormalities have been ob- 
served in those of sthenic and asthenic habitus. 

4. The experience gained from the present study suggests that the reac- 
tion to ergotamine tartrate provides a simple means for differentiating ‘‘sym- 
patheticogenic’’ distortions of the T waves from those due to intrinsic ear- 


diae disease. 
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A METHOD FOR THE ORTHODIAGRAPHIC MEASUREMENT 
OF THE TRANSVERSE DIAMETER OF THE HEART 
BY MEANS OF THE SIMPLE FLUOROSCOPE 


H. Howarp, M.D. 
New York, N. Y. 


HE transverse diameter of the heart, measured by the orthodiagraphie 

method, is widely accepted as the most significant measurement upon which 
to base a judgment of the heart size. This report describes a method by which 
a true orthodiagraphic measurement of the transverse diameter may be made 
by means of the ordinary fluoroscope without the standard orthodiagraphie 
equipment. The principle of the method is simple. If a vertical line, drawn 
at the center of the screen, is aligned first with one border of the heart shadow 
and then with the other border, by moving the screen laterally, then the dis- 
tanee through which the screen is moved is equal to the transverse diameter. 
This is a necessary consequence of the fact that the screen and the tube are 
rigidly connected and move as a unit. The amount of this lateral movement 
might be measured by a tape reaching from the sereen to a near-by wall or by 
a plumb-line reaching from the screen down to a seale on a table below the 
sereen. Neither of these methods would be quite convenient in actual prac- 
tice, but the method now to be described accomplishes the same purpose ex- 
peditiously and accurately with the simplest accessories. The actual technique 
first will be described and then, by means of diagrams, the logic of the pro- 
eedure will be set forth. 

The accessories required are the following: 

1. A wood tongue depressor on which are mounted, by means of adhesive 
plaster, two triangular pieces of lead placed with their vertical sides parallel 
and exactly 10 em. apart, with the apices that are opposite the vertical edges 
pointing toward each other (Fig. 1). The line, 10 em. long, between the verti- 
eal edges will be called the ‘‘ base line.’’ 

2. A thin, straight wood stick, such as an ordinary wood applicator. 

3. A grease pencil. 

4. A centimeter seale., 

PROCEDURE 

The patient is placed in the usual position for fluoroscopy and the tongue 
depressor, with the lead triangles, is attached by adhegive plaster to the an- 
terior chest wall, horizontally and centrally, at about the level of the second 
costal cartilages. It is necessary that the lead triangles be equidistant from 
the screen; therefore, if the chest is irregularly shaped, it may be necessary 
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to bring forward one end of the tongue depressor by means of a wad of paper 
or cotton. The screen is set vertically close to the body of the patient but not 
in contact with it. The screen must be free to move laterally, but its distance 
from the patient must not vary during the observation. The stick is then at- 
tached vertically at the center of the screen by a bit of adhesive plaster. If 
the fluoroscope is used frequently for heart studies it is convenient to have a 
vertical black line painted on the screen, in place of the stick. 


> 


Fig. 1.—Wood tongue depressor with lead triangles attached. The interval between the 
vertical edges of the triangles measures 10 cm. and is called the “base line.” 
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Fig. 2.—Diagrams illustrating the geometric principle 
of measuring the transverse diameter of the heart. The upper 
represents the relation of the target, heart, base line, and screen, shown in 
the lower portion of the diagrams represent the face of the screen, seen in vertical eleva- 
tion. Letters have significance as follows: A and B, left- and right-hand lead triangles, 
1U cm. apart; the interval, AB, is called the “base line.” A’ and B’, marks on screen indi- 
cating positions of shadows of lead triangles. a and b, end corrections to be added to or 
subtracted from length of base line. N, the line of intersection of the “normal plane” and 
the plane of the diagram. S, the stick attached at the center of the screen. Diagram A, The 
magnification ratio is given by A’B’ divided by AB. When this ratio is known any interval on 
the base line, AB, or on an extension, such as AC, may be calculated readily from the 
measured length of the similar interval, A’C’, on the screen. Diagrams B, C, and D represent 
different positions and sizes of heart. In each diagram two successive positions of the screen 
and target are represented. The position to the right precedes that to the left. B’ is marked 
when the screen is in the first position. After the screén is moved to the left A’ is added. 
The interval, A’B’, corrected for magnification, is added to, or subtracted from, the length of 
the base line, AB, to give the transverse diameter of the heart. 


When the screen is illuminated the shadows of the lead triangles will ap- 
pear, lying somewhat above the shadow of the heart and separated by a dis- 
tance of somewhat more than 10 centimeters. The stick will appear in the 
midst of the heart shadow but rather nearer to the right border if the patient 
and the sereen have been centered in the usual manner. Unless the screen 
has an exceptionally long range of lateral motion it now will be necessary, in 
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most eases, to have the patient move a little to his right until the stick appears 
to lie at about the center of the transverse diameter of the heart shadow. 
Thereafter the patient should remain immobile. 

The remainder of the procedure will be described as comprising four 
steps. 

Step 1—(Fig. 2, A.) The upper angles of the shadows (A’ and B’) of the 
lead triangles are marked on the sereen with the grease pencil. The distance in 
centimeters between these marks, to be measured after the whole observation 
has been completed, divided by 10, gives the ‘‘magnification ratio,’’ a number 
that is to be used as a correction to later measurements. 

Step 2.—(Fig. 2,B.) The sereen, with the tube, is moved to the observer’s 
right until the stick appears tangent to the left border of the heart shadow. 
Then the lower angle of the shadow (B’) of the right-hand* triangle (B) is 
marked on the sereen, using a short vertical line drawn downward from the 
angle and a short horizontal line indicating the direction of the apex of the 
triangle. The mark then will appear as a letter T placed on its side; thus, — 

Step 3—(Fig. 2, B.) The screen is moved to the observer’s left until the 
stick appears tangent to the right border of the heart shadow. The lower angle 
of the shadow (A’) of the left-hand triangle (A) is marked on the sereen, using 
the same symbol as that for Step 2, but reversed; thus |—. 

Step 4.—(Fig. 2, B.) The interval between the two marks (—| and |—) 
now is measured. This measurement is divided by the magnification ratio 
and the quotient is added to 10 centimeters. The sum is equal to the trans- 
verse diameter of the heart. 


DISCUSSION 


A vertical plane passed through the target and the stick is approximately 
perpendicular to the screen. The plane, when placed tangent to one heart 
border, is parallel to its position when placed tangent to the other border. 
If the plane is nearly perpendicular to the screen the distance between its 
two positions, when placed tangent to the two heart borders in succession, 
is equal to the true radiologic ‘‘transverse diameter’’ of the heart. In what 
follows, the plane will be called the ‘‘normal plane,’’ whether placed at the 
right border of the heart or at the left border. 

The base line defined by the two lead triangles on the anterior surface of 
the chest is a device for measuring the interval between the two positions of the 
normal plane when the latter is placed in succession at the left and the right 
border of the heart. The method may be compared to the measurement of an 
object, for example the top of a desk, by means of an ungraduated, 5-foot pole 
together with a graduated foot rule. Neither end of the pole need be aligned 
exactly with the edge of the desk top; the extent to which it extends beyond 
or falls short ean be measured by the foot rule and the intervals added fo or 
subtracted from 5 feet. The diagrams in Fig. 2 show the application of this 
principle to the fluoroscopic problem. The base line on the chest remains fixed 


*The words “right” and “left” are used to signify direction relative to the observer, 
except where the reference is to a border of the heart; in the latter case the words are used 
with the usual anatomic significance. 
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and the intervals (a and b) between its ends and the normal plane are de- 
termined first at the left border of the heart and then at the right border. 
The magnitudes of these intervals are calculated from the measured corre- 
sponding intervals on the sereen reduced by division by the previously de- 
termined magnification ratio. When the normal plane is placed at the left 
border of the heart if the right hand shadow lies to the left of the stick then 
the right end of the base line falls short of the normal plane and the corrected 
measured interval on the sereen is to be added to the length of the base line, 
whereas if the shadow lies to the right of the stick the right end of the base 
line reaches beyond the normal plane and the corrected measured interval 
is to be subtracted from the length of the base line. The same procedure is 
carried out at the right border of the heart, the left-hand shadow and the left 
end of the base line being considered. The several possible relations are illus- 
trated in Fig. 2. In B, TD (transverse diameter) — 10 em. + b — a; in C, 
TD = 10 em. + b+ a; in D, TD = 10 em. - b-a. For an understanding of 
the method it is necessary to see how these end corrections may be caleu- 
lated and applied, as in these examples, but, fortunately, in practice the 
two end corrections do not need to be considered separately, for the geo- 
metric relations are such that the interval between the two marks, A’ and 
B’, on the sereen, when divided by the magnification ratio, is equal to the 
algebraic sum of the two end corrections. Hence the simple procedure of Step 
4 as described previously, is valid and the observer is spared some time and 
effort. If the TD of the heart is less than 10 em. this combined correction 
always is negative, but it is always positive if the TD is greater than 10 centi- 
meters. In the ease of a small heart, with a TD near 10 em., the observer 
might be in some doubt about the sign of the small correction, but in this 
case another characteristic of the geometric relations provides the answer; 
it may be seen from the figures that when the marks ‘‘face’’ each other 
(—| |—) the correction always is positive; when they are turned away from 
each other (|— —!|) the correction always is negative. 

The geometric principle on which this technique is based is simple and 
obvious, so that an a priori conviction of the soundness of the method reason- 
ably may be entertained. However, the results given by the method have 
been compared with measurements obtained in the same cases by the use of 
standard orthodiagraphie equipment. The discrepancies in the results, a few 
millimeters at the most, ean be explained fully by some uncertainty about the 
exact location of the border of the heart’s shadow. Obviously this uncer- 
tainty affects the standard orthodiagraphiec method as much as it does the 
method here described. 

In practice, this new method has been found simple and expeditious. Al- 
though the explanation of the procedure may give the impression of com- 
plexity, the fact is that after a few repetitions the steps seem obvious and 
are easily remembered. Equipped with this method a clinician who has only 
a simple fluoroscope is enabled to measure the most significant dimension of 
the heart with satisfactory accuracy and can thus estimate the heart’s size 
and follow the changes in size during treatment. 


THE EFFECT OF SPLANCHNIC RESECTION ON THE PERIPHERAL 
BLOOD FLOW AND RECTAL AND SKIN TEMPERATURES 
IN HYPERTENSION 


Haroup J. Stewart, M.D., F. Evans, M.D., HELEN S. M.D., 
AND Hauua Brown, M.D. 
New York, N. Y. 


N A PRECEDING paper we have described observations relating to the 

peripheral blood flow and skin and rectal temperatures in patients with 
essential hypertension.!. In those studies we found that the peripheral blood 
flow was decreased in persons with essential hypertension as compared with 
normal voung subjects, that the rectal temperature was higher in hypertension, 
but the average weighted skin temperature was lower in subjects with hyper- 
tension than in normal subjects. Moreover, roughly speaking, the upper part 
of the body was warmer and the lower part colder in hypertension than in 
normal subjects indicating a greater blood flow in the upper part of the body 
and a lesser peripheral blood flow in the lower part of the body in hypertensive 


patients. There are, then, fundamental differences in the distribution of blood 
to the periphery in hypertensive patients as compared with normal subjects, 
and as compared with patients exhibiting hypertension as a part of coarctation 


of the aorta? and pheochromocytoma.* 

The medical treatment of hypertension has neither yielded results which 
were uniformly successful nor has it significantly altered the natural history of 
the disease (Stewart* and Atchley’). As a consequence there have come in rapid 
succession in recent vears the attempts to lower blood pressure in arterial hyper- 
tension by surgical procedures designed to interrupt sympathetic nerve path- 
ways. At first partial sympathectomy was done (Craig and Brown® and Craig’). 
Then anterior nerve root section was carried out (Adson and Brown,* Adson,”® 
Heuer,'® and Page and Heuer'':'*). Then followed in succession the attempts 
to interrupt the sympathetie nerves more completely (Allen and Adson,'* Smith- 
wick,'* Peet, Woods, and Braden,'® Peet and Woods,'* and Grimson'* 
Since then additional reports have been made by other observers.*°-* <A fall in 
blood pressure is achieved by these surgical measures in a certain number of 
subjects. It appears that the so-called Smithwick procedure'* '° is one of the 
most effective. 

Since the peripheral blood flow in hypertensive patients shows ceftain 
differences from normal individuals we wished to see how the peripheral blood 
flow and rectal and skin temperatures were altered in these same hypertensive 
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patients when the splanchnie nerves were sectioned with the objective of lowering 
the blood pressure. Such observations form the subject of this paper. In the 
earlier part of these studies the sub- and supradiaphragmatic resection of the 
ereater, lesser, and least splanchnic nerves on both sides was done in succession 
at ten-day to two-week intervals.* In the later operations, done after 1940, 
the Smithwick operation was carried out.'*'° In this operation there is bilateral 
removal of the entire great splanchnic nerve with division of all of its aortic 
branches coupled with interruption of the communicating rami of the ninth 
to the twelfth dorsal segments, inclusive, and the first and second lumbar ganglia, 
together with excision of the sympathetic trunk over this area. The two sides 
are operated upon at ten-day to two-week intervals. The splanchnic bed is the 
mechanism of the human organism for maintaining the level of blood pressure 
essentially constant in changing from sitting to lving and standing position, and 
removal of the sympathetic impulses affecting the caliber of this bed has been 
found to give, in certain instances, a reduction of elevated blood pressure to 
normal levels, regression of retinal changes, and a disappearance of symptoms 
which were associated with hypertension. 

Since 1939, observations have been made on 7 patients before and after 
the less complete operation of splanchnic resection, and on 19 patients before and 
after the Smithwick operation. The surgical aspects of these studies will be 
reported elsewhere.** 

METHODS 

The peripheral blood flow was measured by our modification?” *° of the 
method of Hardy and Soderstrom.?’ The methods used were described in the 
earlier paper' and need not be repeated. Peripheral blood flow was expressed 
as cubic centimeters per square meter per minute. In the course of the-observa- 
tions records were made of rectal temperature and of the temperatures of eleven 
areas on the anterior surface of the body (Fig. 1) from which the average 
weighted skin temperature could be estimated, of basal metabolic rate, of blood 
pressure, and of heart rate. 

Plan of Procedure—tThe plan of making the measurements of peripheral 
blood flow was described in a preceding paper.’ All measurements were made 
with the patients in a basal metabolic state. The peripheral blood flow was 
measured on one or more occasions to secure control or preoperative levels of 
peripheral blood flow and of the other data. Shortly afterward the splanchnic 
nerves were sectioned on one side. When the patient had recovered from this 
procedure ten to fourteen days later, the observations relating to peripheral blood 
flow were repeated, after which the splanchnic nerves on the other side were 
sectioned. Ten days to two weeks later still, the observations relating to periph- 
eral blood flow were repeated as well as at longer intervals after the completed 
operation. When patients returned for observations after discharge from the 
hospital, they were hospitalized overnight in order to be kept in a basal state 


*The earlier operations were done by Dr. Frank Glenn and the later ones by Dr. Bron- 
son Ray. We wish to thank these members of the Department of Surgery for their coopera- 
tion in making these studies possible. 
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for the observations the next morning. Oceasionally, if patients lived near by, 
they came to the hospital by taxi early in the morning before breakfast and 
rested sufficiently: long to insure basal conditions. All observations were made at 
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Those having the partial operation are separated in Table I from those 
in whom the Smithwick procedure was done. Moreover, since the object of the 
surgical procedure was to lower the blood pressure, the patients were grouped 
into those in whom the blood pressure fell to normal after operation, those in 
whom the blood pressure fell moderately, and those in whom the blood pressure 
was unaffected by operation. This was done in order to ascertain whether any 
changes in the peripheral blood flow and skin and rectal temperatures were 
brought about in these respective groups as a result of the surgical procedure. 


OBSERVATIONS 


Observations Relating to Those Patients Subjected to the Snuithwick Pro- 
cedure in Whom the Blood Pressure Fell to Normal Limits.—In seven patients, 
six women and one man, the blood pressure fell to normal following the Smith- 
wick operation. In them we have compared the preoperative measurements of 
the circulation with those made when the blood pressure after operation was at 
normal levels. The average of the blood pressure for the group was 178/120 
before and 124/89 after operation. The average rectal temperature, which was 
37.54° C. before operation, that is to say higher than normal** (Table I, Fig. 1), 
fell to 37.01° C., but still remained higher than normal. The average weighted 
skin temperature which was 33.86° C. before operation fell to 33.49° C., that is 
to say below normal. While these were the trends with respect to rectal and 
average weighted skin temperatures, statistical analysis showed that they were 
probably not significant changes. The temperature for areas of the upper part 
of the body fell as compared with the preoperative levels. These areas were: 
Areas 1 te § and included the forehead (Area 1), the upper chest (Area 2), the 
lower chest {Area 3), the abdomen (Area 4), the upper arm (Area 5), and the 
forearm (Area 6). The temperatures of the upper (Area 8) and lower. thigh 
(Area 9) were essentially unchanged by the operation but the temperature of the 
leg (Area 10) and of the foot (Area 11) increased very much; the rise in tem- 
perature in the latter was 2.2° C. The greatest fall in temperature after opera- 
tion, namely 1° C., was in the upper arm (Area 5) and forearm (Area 6). 
The changes in temperature in these areas were consistently in this direction. 
The greatest rise in temperature, namely 2.2° C., occurred in the foot (Area 11) ; 
on statistical analysis this is slightly significant. There was fall in the average 
peripheral blood flow from 69 ¢.c. per square meter per minute to 50 ¢.c. per 
square meter per minute. The blood flow, however, varies considerably in in- 
dividual patients; in some patients the peripheral blood flow increased after 
operation, while in others it decreased. The change is not significant. The 
basal metabolie rate before operation averaged +3 per cent and after operation, 
~7 per cent. 

Observations Relating to Those Patients Subjected to the Smithwick Pro- 
cedure in Whom Blood Pressure Decreased Moderately but Did Not Reach 
Normal.—Seven patients, three men and four women, were in this group (Table 
I, Fig. 2). The average of the blood pressures before operation was 213/125 
and after operation it was 182/112. After operation the rectal temperature was 
essentially unchanged. The average skin temperature for all the individual 
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areas of the body except Area 2 (upper chest) rose, but the increases were not 
statistically significant. The greatest increase, a rise of 2° C., was in the feet 
(Area 11); this rise occurred consistently and was significant. The increase 
of 0.8° C. in the temperature of the leg (Area 10) was not significant. The 
peripheral blood flow rose from 50 ¢.e. to 63 ¢.c. per square meter per minute, 
which was statistically significant. 

Observations Relating to Patients Subjected to the Smithwick Operation in 
Whom No Change in Blood Pressure Occurred.—Five patients, two men and 
three women, comprise this group (Table I, Fig. 2). The preoperative levels 
of blood pressure in this group was lower than in the other group, namely 
157/109. After operation, the rectal temperature fell slightly, the average skin 
temperature fell, and the temperature of areas of the body from 1 to 9, inclusive, 
fell; these areas include the forehead (Area 1), the upper chest (Area 2), the 
lower chest (Area 3), the abdomen (Area 4), the upper arm (Area 5), the fore- 
arm (Area 6), the hand (Area 7), the upper thigh (Area 8), and the lower 
thigh (Area 9). The temperature of the leg (Area 10) increased only 0.3° C. 
and that of the foot (Area 11) only 1° C. as compared with a 2.2° C. rise in the 
group of patients whose blood pressure fell after operation. These changes 
are not significant. Decrease in peripheral blood flow from 51 ¢.c. to 36 ¢.c. per 
square meter per minute did not appear significant, though this group which 
includes only five patients is small for statistical analysis. In the five patients 
of this group the blood pressure rose after operation instead of falling; the 
average was 174/111 after operation as compared with 157/109 before opera- 
tion. 

Observations Relating to Patients Who Experienced Partial Sympathectomy 
in Whom Moderate Fall in Blood Pressure Occurred.—Five patients, two men 
and three women, comprise this group. The average blood pressure fell from 
213/130 to 183/121 after operation. After operation (Table I, Fig. 2) no 
significant changes occurred in the rectal, average weighted skin, and local tem- 
peratures, or in peripheral blood flow. There was not the rise in temperature 
of the feet which was observed following the Smithwick procedure. 

Observations Relating to Patients Having Partial Sympathectomy in Whom 
a Fall in Blood Pressure Did Not Occur.—This group comprises one man and 
one woman. A. B. was subjected to the more extensive procedure two years after 
the partial operation. After operation (Table I, Fig. 2) the only significant 
change was the rise of 2.9° C. in the temperature of the foot (Area 11). 


DISCUSSION 

Observations relating to peripheral blood flow have been made in patients 

before and after sympathectomy designed to lower the blood pressure. The 

Smithwick procedure was more effective for this purpose than was partial s¥m- 

pathectomy. The data have been analyzed so that the behavior of the peripheral 
blood flow could be related to the response to the operation. 

In all the small groups of hypertensive subjects, the trend, before operation, 

was for the temperature of the upper part of the body to be warmer than normal, 

and for the temperature of the lower part of the body to be cooler than normal,”* 
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In those patients subjected to the Smithwick procedure in whom the blood pres- 
sure fell to normal after operation, the temperature of the upper part of the body 
fell after operation and the temperature of the lower part rose as much as 2.2° C. 
in the feet; the peripheral blood flow decreased; the rectal temperature, which 
was elevated, decreased; and the average weighted skin temperature decreased. 
The weighted fall in the upper part more than balanced the rise in temperature 
of the lower extremities. These temperature changes are shown graphically in Fig. 
1. Before operation (open circles) the symbols representing the rectal, average 
skin, and the temperatures of Areas 1 to 8 are mostly at the upper part of the 
chart, while those of Areas 10 and 11 are mostly at the lower part. After opera- 
tion (closed circles), the rubrics representing the rectal, average skin, and the 
temperatures of Areas 1 to 8 move down, but those representing the temperatures 
of Areas 10 and 11 move up. Though this is the trend, only the change in the 
foot temperature is of statistical significance. Before operation, in the group 
in which the Smithwick operation produced a moderate fall in blood 
pressure, the rectal temperature was slightly elevated, the average weighted 
skin temperature was slightly decreased, but the temperatures of the areas of the 
skin were essentially normal except for the lower thigh and leg which were cooler ; 
the peripheral blood flow was decreased. After operation, the average weighted 
skin temperature rose as did the temperature of most of the areas of the body, 
the greatest rise, 2° C., being in the feet. The peripheral blood flow rose. 

Those in whom there was no fall in blood pressure after operation had, 
before operation, essentially the same characteristics in their measurements as 
did the preceding group. After operation there was a fall in rectal temperature ; 
the average weighted skin temperature fell, as did the temperatures of the in- 
dividual areas for the upper part of the body, with the exception of the feet in 
which the temperature rose 1° C. only. The peripheral blood flow decreased as 
would be expected with the lower skin temperature. 5 

In those patients subjected to partial sympathectomy the peripheral blood 
flow decreased and the weighted skin temperature fell. Those in whom the 
lowering in blood pressure was moderate showed very slight fall in foot tem- 
perature, and those in whom the blood pressure was unchanged showed a rise 
in foot temperature. 

Out of these observations no patterns appear which relate the amount of 
peripheral blood flow to the level of blood pressure following sympathectomy. 
The average weighted skin temperature rose or fell according to whether the 
peripheral blood flow increased or decreased after operation. There was, on the 
whole, rise in the foot temperature as a result of operation, the most marked 
increase being in those who had the more extensive operation (Smithwick) and 
in whom there was fall in blood pressure. 

Fall in blood pressure to normal after the Smithwick operation occurred in 
six women but in only one man. When this group of six women is analyzed for 
the changes occurring after operation, they show the same general trends as 
the group as a whole, namely fall in peripheral blood flow, fall in rectal tem- 
perature, fall in average weighted skin temperature, and fall in temperature 
of the upper part of the body and rise in temperature of the lower part of the 
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hody. From these observations we could not detect any characteristics which 
set those patients apart from those who failed to experience a fall in blood pres- 
sure. 

In those patients subjected to the Smithwick procedure and to partial 
sympathectomy, all the measurements before operation were averaged and com- 
pared with the corresponding estimations after operation (Table I, Fig. 2). 
Likewise all the preoperative as well as the postoperative measurements of all 
patients subjected to any form of svmpathectomy were averaged. The changes 
for the entire group of patients are less marked, because the changes shown in 
those groups in which marked changes occurred are pulled out of line by those in 
which no changes oeeurred. The trends, as shown in the frequeney diagram 
(Fig. 2) are, however, essentially the same as in the smaller groups, but are not 
of statistical significance. 
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Fig. 3.—In this figure all the peripheral blood flows of all patients (Table I) are plotted 
against the corresponding average skin temperatures before (closed circles) and after (open 
circles) operation. A linear relationship is apparent in that the higher average skin tem- 
peratures were associated with the higher peripheral blood flows. 


The colder feet and lower parts of the body in hypertension may be due to 
inereased vasoconstriction in these regions and in the splanchnic area, which is 
relieved by splanchnie resection. The marked rise in foot temperature is what 
is to be expected from including the section of the second lumbar ganglion in 
the operative procedure, 
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PERIPHERAL BLOOD FLOW 
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The data relating to the basal metabolic rates are of interest. Those pa- 
tients in whom the blood pressure fell to normal (Smithwick) showed a fall in 
the basal metabolic rate from +3 per cent to —7 per cent, a fall of 10 per cent; 
those showing slight fall in blood pressure (Smithwick and partial sympathece- 
tomy) showed a fall in rate of 4 per cent; and those whose blood pressure was 
not altered (Smithwick and partial sympathectomy) showed no change in the 
basal metabolic rate. 

In the group of hypertensive patients considered in this paper, there is a 
linear relationship between peripheral blood flow and average weighted skin 
temperature before operation (Fig. 3), just as there was in the larger group al- 
ready reported.t This relationship is maintained after operation, but the cor- 
relation is even more striking and fewer points fall outside the zone showing 
the closest correlation (Fig. 4). 
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Fig. 4.—In this figure all the postoperative measurements of peripheral blood flows of 
all patients (Table I) are plotted against the corresponding average skin temperatures 
(Table I) revealing a very close correlation. Most of the points which were out of line with 
this correlation in Fig. 3 were in the preoperative measurements of the patients. 


SUMMARY 


The peripheral blood flow has been measured by a modification of the 
method of Hardy and Soderstrom in patients with arterial hypertension before 
and at intervals after splanchnic resection, undertaken with the intent of lower- 
ing the blood pressure. In addition observations were made of the skin and 
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rectal temperatures. In 19 patients the Smithwick procedure was carried out, 
and in seven operated upon earlier, the less extensive operation was done. The 


following tacts emerged : 

1. In these patients the Smithwick procedure was more effective in lowering 
the blood pressure than the less extensive splanchnic resection. 

2. Since the objective of the operation is to lower the blood pressure, the 
groups in which this occurred are of special interest with respect to peripheral 
blood flow. The most marked differences in the observations made before and 
after operation were recorded in the group in which the blood pressure fell to 
normal after operation. The peripheral blood flow decreased, the rectal tem- 
perature fell, the average weighted skin temperature fell, the temperature of 
the upper part of the body fell; the temperature of the lower part of the body, 
especially of the feet, rose. The effects were less in those with less marked fall 
in blood pressure or without change in blood pressure. 

3. There was, however, no pattern discernible in the individual peripheral 
blood flows when these were analyzed in relation to the effect of the surgical 
procedure either in those in which the blood pressure fell to normal or in those 
showing less benefit from the operation. 

4. The peripheral blood flow in hypertension bears a linear relationship 
to the weighted skin temperature. This relationship is especially close after 
splenchnie resection. 

5. In those patients exhibiting the most marked lowering of blood pressure 
after operation, the average skin temperature fell after operation. The tem- 
perature of the upper part of the body, which before operation was warmer than 
normal, fell; the temperature of the feet, which before operation was cooler than 
normal, rose after operation. The elevated rectal temperature in hypertension 
falls after operation. 

6. In those patients showing a fall in blood pressure to normal after op- 
eration, the mean basal metabolic rate decreased 4 per cent, and in those whose 
blood pressure was not lowered, no change in the mean basal metabolic rate 
occurred. 

7. While the peripheral blood flow is, on the average, lower in hypertensive 
than in norma] subjects,’ there are wide ranges, and the differences are not sig- 
nificant. The level of blood pressure has no relation to peripheral blood flow 
either where the blood pressure is high or in the same patient after restoration 
of normal blood pressure. 

It is likely that the mechanism, whatever it may be, which is responsible 
for the elevation of blood pressure in hypertension is also responsible for the 
differences in local skin temperatures which hypertensive patients exhibit when 
compared with normal individuals. 
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MYOCARDIAL COMPLICATIONS OF CUTANEOUS DIPHTHERIA 


Mayor Cavin F. Kay, M.C., aNp Major CLARENCE 8S. Livincoop, M.C. 
ARMY OF THE UNITED STATES 


HE diagnosis of cutaneous diphtheria was made in 140 American soldiers 

admitted to a United States Army General Hospital in the India-Burma 
Theater during the period from July through December, 1944. The myocardial 
complications observed in these patients are considered in this report. Data are 
presented with reference to the incidence, predisposing factors, time of onset, 
duration, symptomatology and course, physical findings, electrocardiographic 
studies, associated neuritic complications, treatment, and ultimate disposition 
of these patients. None of the patients of the cutaneous diphtheria series who 
developed a cardiae complication had had clinical evidence of faucial diphtheria. 

A communication dealing especially with the dermatological aspects of 
cutaneous diphtheria, including data with reference to the epidemiology, in- 
cidence, predisposing factors, description of the lesions, laboratory findings, 
treatment, and ultimate results, is to be published.! A separate report of the 
neurological complications of the disease is also to be published.* 

The cases of cutaneous diphtheria considered in this report occurred almost 
exclusively in combat soldiers who had been evacuated during or after a 
strenuous campaign fought in jungles, marshes, and foxholes during the wet 
monsoon in Burma. Wet feet, poor foot hygiene, multiple minor abrasions, and 
insect and leech bites were undoubtedly important predisposing factors to the 
development of the cutaneous lesions. These lesions, which are described in 
detail elsewhere,' were ulcerative, usually with a membrane or a leathery, black, 
adherent, inlaid crust. The lesions were usually multiple, and predominantly 
affected the extremities. They were extremely resistant to treatment, and in 
many instances persisted for many weeks or months. 

Although diphtheria was early suspected as the cause of the skin lesions, 
conclusive laboratory proof was not obtained until several weeks later. Organ- 
isms having the morphologic appearance of Klebs-Loffler bacilli were recovered 
in approximately 80 per cent of the 109 patients in whom the skin infection was 
still active at the time of admission, but at first the fermentation reactions 
appeared to indicate that these organisms were not diphtheria bacilli. Later, 
however, a change was made in technique with the result that virulence-positive 
Klebs-Léffler bacilli were recovered in 26 of the last 38 cases. 

Neurological complications, described elsewhere,? developed in 43.5 per 
cent of these patients. They first appeared as early as the twenty-third day 
of the skin lesions or as late as the one hundred fifty-eighth day; the 
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average onset occurred at about the seventieth day. They varied in intensity 
from slight visual blurring, slight tingling of the extremities, or slight muscular 
weakness to extensive generalized paralysis with muscular wasting. Recovery 
was usually slow, averaging about one hundred days, but the ultimate prognosis 
was excellent. 

A severe myocarditis, with rapidly fatal outcome, occurred as a com- 
plication in one of the first patients admitted in the epidemic. During the 
same week a similar fatality occurred in a near-by hospital. As a result, 
tremendous respect was engendered for this potentially lethal complication of 
what was otherwise an essentially benign, although prolonged and incapacitating 
disease. Consequently, in all patients in whom the diagnosis of cutaneous 
diphtheria was suspected, every effort was made to prevent the development of 
a cardiae complication or, if this was impossible, to detect and treat it at the 
earliest possible stage of development. With these objectives in view, all patients 
in whom the diagnosis of cutaneous diphtheria was suspected were isolated at 
complete bed rest as patients of the dermatology section, where local therapy 
was given. The policy with respect to the administration of antitoxin was at 
first poorly defined, but as soon as we became certain that we were dealing with 
cutaneous diphtheria in epidemic proportions, a definite policy for the adminis- 
tration of antitoxie serum was established: 20,000 to 40,000 units of diphtheria 
antitoxin were promptly administered to all patients in whom active cutaneous 
diphtheria was diagnosed clinically. Contrary to other reports, we are con- 
vineed that this disease can be accurately diagnosed by an experienced dermatol- 
ogist, particularly in the height of an epidemic. As soon after admission as 
feasible, the patients were examined for any evidence of cardiac disease, and an 
electrocardiogram was taken. Thereafter, tracings were repeated every ten 
to twenty days until the lesions had become definitely inactive. Any patient who 
exhibited symptoms, signs, or electrocardiographie changes suggestive of cardiac 
involvement was observed especially closely and was studied frequently with 
the electroecardiograph. When cardiac involvement was definitely diagnosed or 
considered probable, the patient was continued at bed rest until all evidence of 
the cardiae complication had disappeared. 

Myocarditis: Incidence, Time of Onset, Duration.—in the 140 patients 
with cutaneous diphtheria, myocardial complication was diagnosed as a certainty 
in four, one of whom died, and was considered probable in three others. The 
incidence was 5 per cent. In several additional patients it was considered 
possible that a minimal myocarditis had occurred, but the diagnosis could not 
be definitely established. 

The earliest appearance of an electrocardiographic abnormality was on 
the twentieth day after the onset of the cutaneous lesions. In the patient who 
died on the forty-first day of his cutaneous disease, symptoms of cardiac disease 
first appeared about the thirty-eighth day. In another patient, the myocarditis 
was first diagnosed as late as the sixtieth day, although it may have been present 
for some time before this, inasmuch as the patient was not admitted to the 
hospital until the fiftieth day, had no cardiac symptoms, and did not have an 
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electrocardiogram taken until the sixtieth day. In general, the period of the 
fourth to the seventh week of the cutaneous diphtheria appeared to be that 
in which myocarditis developed, if at all. 

The duration of the myocarditis ranged from twenty-eight to fifty days 
in those in whom the diagnosis was considered probable, and from sixty to ninety 
days in those in whom it was certain, excepting, of course, the one patient who 
died four days after the onset of symptoms. Cardiac abnormality did not 
persist beyond one hundred forty days from the onset of the cutaneous lesions 
in any patient. 

Clinical Symptoms and Signs.—With few exceptions, symptoms were by 
far more frequent and more striking in those patients who did not have any 
evidence of organic cardiae disease than in those who had real cardiac complica- 
tions. Typical cardiac neurosis phenomena, such as palpitation, tachycardia, 
stabbing precordial pains, and tachypnea, occurred with great frequency on the 
cutaneous diphtheria wards, especially after the death of the one patient. Of the 
seven patients in whom the diagnosis of myocarditis, definite or probable, was 
made, four had no symptoms which could be considered as cardiac in origin. 
Had these patients been allowed activity, it is quite possible that symptoms 
would have appeared. Of the other three, two complained of dyspnea and faint- 
ness upon slight exertion. The third patient, the one who died, first complained 
of aching right-sided abdominal pain with nausea and some breathlessness on 
exertion. These symptoms increased but were not incapacitating or severely 
distressing until eighteen hours before death when the discomfort extended 
upward into his chest as a steady dull pain; he began to vomit profusely, became 
very dizzy, and collapsed beside his bed. In spite of rest, morphine sedation, 
and oxygen, dyspnea and faintness persisted until death. It is interesting, and 
probably significant, that palpitation was never a symptom in any patient 
with myocarditis. 

In the patient who died, whose symptoms have been described, the most 
striking physical sign was extreme pallor, despite a completely normal hemo- 
globin. The patient appeared moderately dyspneic; the neck veins were en- 
gorged, and the liver was enlarged and tender. There was no definite evidence 
of cardiae enlargement; precordial pulsation was not visible. Although the 
eardiae sounds were barely audible, there was a distinet gallop rhythm. The 
pulse was extremely feeble with a rate of 110. The systolic blood pressure was 
60 mm. Hg; the diastolic pressure could not be determined. 

In the other six patients, the physical signs were not striking. Tachycardia 
was absent; the heart rate at rest did not exceed 90 beats per minute. Two 
of the patients had occasional extrasystoles. The blood pressure was below 
100, systolic, in only two instances; a pressure of 90/50 was the lowest reagling 
obtained. The neck veins were not engorged. The heart was not enlarged 
on physical examination in any of these patients, although in one x-ray films 
showed slight but definite enlargement. Later the heart became normal in 
size. Precordial pulsations and cardiae sounds were definitely feeble in two 
of the patients; in the others they were normal, No murmurs or friction rubs 


were heard, 
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Laboratory findings were generally normal. A leucocytosis of 22,000, pre- 
dominantly polymorphonuclear, was present on the day of death in the one 
patient. In the others the leucocyte count was normal; if any slight elevations 
were present they could be accounted for on some other basis. Sedimentation 
rates, taken on five of the seven patients, were normal. 

Autopsy Findings.—At post-mortem examination of the one patient who 
died, the heart was flabby and slightly dilated. The pericardium contained 
100 ¢.c. of straw-colored fluid. The epicardium, endocardium, and pericardium 
were speckled with many petechial hemorrhages. The myocardium was pale 
brown with grayish streaks. Microscopic examination revealed extensive frag- 
mentation and disintegration of the muscle fibers, with degeneration, nuclear 
changes, and interstitial cellular infiltration, predominantly lymphocytic. 
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Fig. 1.—Definite myocarditis. - Onset of cutaneous diphtheria August 3. Severity of 
lesion graded as 4 plus. There was no neuritis. Antitoxin was not given. The onset of 
cardiac symptoms was September 10. These consisted of abdominal pain, dizziness, dyspnea, 
vomiting, chest pain, and collapse. Death occurred on September 13. The electrocardio- 
graph showed a rate of 110, with a regular rhythm. The P waves cannot be definitely 
identified. The QRS complexes in the limb leads were of low voltage and slurred. There 
were deep Q waves in all chest leads. The T waves are of low amplitude. The electro- 
cardiographic diagnosis was “abnormal- tracing, probably indicative of myocarditis.” 


Electrocardiographic Findings—The electrocardiograph provided by far 
the most reliable and, in four instances, the only means of establishing the 
diagnosis of diphtheritic myocarditis. In all, 381 tracings were taken in the 
study of the 140 patients in whom the diagnosis of cutaneous diphtheria was 
made; in addition, tracings were taken on several patients with ulcerative skin 
lesions but in whom the diagnosis of diphtheria was ultimately excluded, 
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Fig. 2.—Definite myocarditis. Onset of cutaneous diphtheria July 5. Severity of lesions 
graded as 4 plus. Neuritis developed on the fifty-sixth day. The duration was one hun- 
dred forty-five days. Antitoxin was not given. Cardiac symptoms set in about the fiftieth 
day and consisted of dizziness and dyspnea. The electrocardiograph showed a rate of 75 
to 85, with a nodal rhythm. The P-R interval was 0.08 to 0.11 second. There were inter- 
mittent inversions of the P waves in all leads. There were minor changes in the amplitude 
and configuration of the QRS complexes in serial tracings. The RS-T segments were slightly 
depressed in Lead I. The T waves were inverted in Leads II and III and the chest leads, 
In later tracings (e.g., December 9) the T waves became upright, 
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From an analysis of these tracings, several conclusions could be drawn: 
(1) Tachyeardia was not an important feature. (2) Extrasystoles were observed 
no more frequently than one would expect in a group of normal individuals. (3) 
P-R interval prolongations above 0.20 second were not observed in any patient in 
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Fig. 3.—Definite myocarditis. Onset of cutaneous diphtheria July 1. Severity of lesions 
graded as 4 plus. Severe neuritis set in on the fifty-fourth day and lasted one hundred 
eighty-four days. No antitoxin was given. Cardiac symptoms appeared on the fifty-sixth 
day and consisted of dizziness and dyspnea. On September 4 the electrocardiograph showed 
a rate of 80, with a sinus rhythm. The P-R interval was 0.16 second. The QRS complexes 
were of very low amplitude. The T waves were inverted in all leads. The amplitude of the 
QRS complexes showed a progressive increase. On November 17 the T waves became up- 
right in all leads. 
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whom the diagnosis of myocarditis was made, and in these patients the P-R 
interval did not tend to change significantly as recovery progressed. In two 
patients with no other evidence of myocardial abnormality, a P-R interval of 
(0.24 second was found. These patients were considered to have possible myo- 
cardial complication. Tracings were taken repeatedly. After a number of 
weeks, despite the persistence of the long P-R interval, one of them was recondi- 
tioned and sent to duty; the other was reassigned on neuropsychiatric grounds. 


18 Oct. 31 Nov. 
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Fig. 4.—Probable myocarditis. Only the precordial leads are shown. Onset of cutaneous 
diphtheria September 8. Severity of lesions graded as 4 plus. There was no neuritis. 
Antitoxin was not given. There were no cardiac symptoms. The T waves in CRs were in- 
verted in the first tracing, made on October 6 (twenty-eighth day). T-wave changes were 
most pronounced on October 18, less marked on November 8, and normal on November 24 
(seventy-fifth day). T: was flat in the tracing of October 6 and became progressively higher 
during the period of the return to normal of the T waves in CRs. The tracing was otherwise 
normal. The duration of electrocardiographic abnormality was forty-seven days. 


We doubt that this finding was a manifestation of diphtheritic myocarditis. 
In the patient who died, P waves could not be definitely identified. One patient 
with definite myocarditis had a consistently short P-R interval with intermittent 
P wave inversion in all leads. (4) Abnormalities in the QRS complex were not 
striking. The amplitude was a little low in some instances and pronouncedly 
so in the patient who died. He also had very abnormal QRS complexes in the 
chest leads. Intraventricular conduction defects were not observed. (5) Phe 
most marked abnormalities were in the T waves, especially in Lead CR,. De- 
pression or frank inversion of the T wave in this lead was the one consistent 
finding, occurring in all of the patients in whom the diagnosis was made with 
the exception of the one who died. Figs. 1, 2, 3, and 4 are representative tracings 
from the patients in this series. 
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Criteria for the Diagnosis of Definite or Probable Myocarditis.—The 
diagnosis of myocarditis was considered certain in those patients in whom 
definite electrocardiographie abnormalities were observed in repeated tracings, 
with subsequent progressive changes toward normal. In three of the four 
patients so diagnosed there were corroborating clinical evidences of myocardial 
disease. Myocarditis was considered probable in patients in whom a definite 
and characteristic abnormality was observed in one tracing only, or in whom the 
electrocardiographie findings were highly suggestive of abnormality and showed 
progressive changes toward normal in repeated tracings. Clinical evidence of 
myocarditis was not present in these patients. Myocarditis was at first con- 
sidered possible in a large number of patients, either on the basis of suggestive 
symptoms, tachycardia, or electrocardiographie findings (extra systoles, axis 
deviation, Q waves in Leads II and III, ete.) which suggested the possibility 
of abnormality. In most instances, the persisting and unchanging nature of 
these findings beyond the period when true myocarditis could be considered 
possible served to rule out organic cardiac disease. In seven patients, however, 
the possibility that a minimal myocarditis had been present could not be en- 


tirely excluded. 

Relation of the Severity of the Cutaneous Disease to the Development of 
Myocarditis—The 140 cases were graded according to their severity, depend- 
ing upon the number and size of the cutaneous diphtheria lesions. Table I indi- 
eates the grade of severity of the cutaneous lesions in each of the patients with 
definite or probable myocarditis. It is apparent that definite myocarditis de- 
veloped only in patients in whom the cutaneous disease was severe. In the 
patients with probable myocarditis the correlation is not so clear as in those 
with definite myocarditis. 


TABLE I. THE SEVERITY OF THE SKIN LESIONS AND THE DEVELOPMENT OF MYOCARDITIS 


Severity of skin lesions 4 plus 3 plus 2 plus 1 plus 
Total number of cases 18 34 38 50 
Definite myocarditis 3 1 

Probable myocarditis 1 1 1 


The Development of Neuritis With Relation to Myocarditis.—In the group 
of four patients in whom the diagnosis of myocarditis was definite, all but one, 
the patient who died, had neuritis, either severe or moderately severe. In two 
patients the symptoms of neuritis appeared at about the same time or slightly 
before there was evidence of cardiac involvement. In the third, neuritis had been 
present for twenty-eight days before the myocarditis was diagnosed on the 
sixtieth day of the cutaneous disease. In the group of three patients in whom 
the diagnosis of myocarditis was considered probable, only one developed 
neuritis, the onset of which occurred after the electrocardiographie abnormalities 
had disappeared. Thus, when myocarditis developed in cutaneous diphtheria, 
neuritis usually accompanied, preceded, or followed it. 

Prevention and Treatment of Cardiac Complications—In regard to these 
factors, we started with certain assumptions, and at the termination of the study 
our information had not greatly increased. For example, it was reasonable to 
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assume that any local or general therapeutic measures which would reduce the 
severity and duration of the cutaneous lesions would also reduce the frequency 
of the complications. These therapeutic methods are discussed in detail 
elsewhere.1 It may be stated in brief that the most important factors were 
rest, local hygiene, and the prompt injection of antitoxin. A variety of local 
medications as well as systemic sulfonamides and penicillin were tried with in- 
different results. 

Of the seven patients who developed definite or probable myocarditis, only 
one had received antitoxin. This was a patient in whom the diagnosis of prob- 
able myocarditis was made only two days after the serum was injected. Despite 
this observation, no conclusion regarding the direct efficacy of antitoxin as a 
prophylactic agent can be drawn; many other considerations were involved. In 
the early cases, in which antitoxin was rarely given and limitation of activity 
was not enforced, the skin lesions were generally much more severe than the 
later cases in «hich treatment was noneffective; it was from this early group 
that six of the seven cases of myocarditis were derived. Likewise, myocarditis 
was never seen to develop in any patient after he had been restricted to bed; 
but for the same reasons, the virtue of this measure is difficult to assess. 

Six of the seven patients with myocarditis recovered. The only therapeutic 
measure employed was bed rest until all evidences of abnormality had disap- 
peared. None of these patients at any time appeared to be in serious danger 
from his eardiae disease; therefore, a conservative policy seemed justified and 
experimentation contraindicated. In the patient who died, the diagnosis was 
not made until about eighteen hours before death; bed rest, morphine, and 
oxygen were the measures used, but in view of the condition of the myocardium 
at autopsy, it seems doubtful that any therapy instituted at that late date 
would have influenced the outcome. 

Ultimate Disposition —Of the four patients in whom the diagnosis of myo- 
carditis was definite, one died, one was reassigned to noneombat duty, and 
two were returned to the United States, primarily because of neuritic rather 
than eardiae complications. Of the three patients in whom the diagnosis was 
probable, one returned to full combat duty, one was reassigned to noncombat 
duty because of indolence of his skin lesions, and one was returned to the 
United States for reasons unrelated to his diphtheria. In all, no patient was 
confined to the hospital more than one hundred fourteen days for ecardiae 
study or treatment ; some remained longer, but for other reasons. 

Discussion of the Management.—At the beginning of the epidemic we were 
not sure that we were dealing with cutaneous diphtheria. The dermatologist 
had suspected the possibility, yet all cultures had been negative. The death of 
a patient from a cardiac complication immediately focused our attention on the 
etiology, and gave rise to a strict set of rules for management and careful cardiae 
study of all cases. Although there is a great deal of literature on postfaucial 
diphtheritie myocarditis, very little information was available to us about the 
cardiac complications of cutaneous diphtheria. Nothing was known concerning 
the incidence, time intervals, correlation with severity of cutaneous lesions, or 
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relation of cardiac to neuritic complications. It was the general impression that 
antitoxin would be of little or no benefit except in the earliest stages of the skin 
disease. 

As a result of our experience with 140 cases, the following impressions have 
been formed regarding cardiovascular management : 

1. Patients in whom the diagnosis of cutaneous diphtheria is suspected 
should be immediately evacuated to a general or station hospital where adequate 
facilities for isolation, treatment, and study (including electrocardiography) are 
available. 

2. Among the patients whose skin lesions were mild or minimal, prolonged 
confinement to bed resulted in more psychological and physical disability than 
was warranted by the potential danger of myocarditis. This selected group 
should be given freedom of the ward, ecardiae symptoms should be carefully in- 
vestigated, and tracings should be taken about every two weeks until three 
weeks after the cutaneous lesions have begun to heal. If no evidence of 
abnormality is then found, further cardiae study is unnecessary. 

3. Patients with severe cutaneous diphtheria should be confined to bed and 
closely observed. Tracings should be made every week or ten days until about 
seven weeks after the onset of the lesions. Periodic tracings should be made for 
an even longer period if the activity of the cutaneous lesions is unusually pro- 
longed. If at that time there is no evidence of myocarditis, activity may be 
resumed. A final tracing should be taken at about the tenth week. 

4. In regard to the use of antitoxin, further information is needed. The 
possibility has been considered that large doses (200,000 to 400,000 units) might 
have more evident beneficial effects than doses of 20,000 or 40,000 units. 

Comparison With the Myocardial Complications of Faucial Diphtheria.— 
The myocarditis we have observed as a sequel to cutaneous diphtheria resembles 
that which complicates the faucial form in several respects. In either instance 
the signs and symptoms of severe myocarditis are similar and dramatic, but in 
the milder forms are not striking.*~»* When death does not occur in the acute 
phase of the complication, the prognosis for ultimate complete recovery is 
excellent.6 The pathologie findings in our fatal case resembled those described 
in the myocarditis of faucial diphtheria.” * It is of especial interest to compare 
our series of 140 cases of cutaneous diphtheria with the series of 140 cases of 
faucial diphtheria which Burkhardt, Eggleston, and Smith* followed with 
especial reference to cardiac and neurological complications. Twenty-three of 
their patients developed T-wave changes, principally during the second and 
third weeks of the illness. Similar T-wave changes developed in six of our 
patients between the fourth and seventh weeks. In their series, 17 patients 
showed conduction defects between the fifth and thirteenth days of the 
diphtheria; in our one fatal case, in which the myocarditis developed on the 
thirty-eighth day, an A-V dissociation may have been present. Fourteen fatali- 
ties occurred in their series, one occurred in ours. In both series, neuritis was 
associated with myocarditis in high incidence. It would thus appear that the 
myocarditis which follows cutaneous diphtheria is essentially identical with that 


754 AMERICAN HEART JOURNAL 


which follows faucial diphtheria, but is a less frequent complication and one 
which develops at a later period after the onset of the infection. 

Ball® has described the evolution of RS-T segment and T-wave changes 
in two eases of myocarditis after faucial diphtheria. These patients showed 
no clinical evidence of heart disease. Burkhardt, Eggleston, and Smith® consider 
the T-wave changes to be the result of intoxication rather than of structural 
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Fig. 5.—Definite myocarditis (after faucial diphtheria). Onset of faucial diphtheria 
June 15. Onset of severe neuritis about forty-eighth day. Antitoxin was not given. Cardiac 
symptoms consisting of severe substernal pain and dyspnea set in about the twenty-fifth 
day. The electrocardiograph showed a rate of 80 to 90, with a normal sinus rhythm. The 
P waves were large and peaked. The P-R interval was 0.14 to 0.17 second. The QRS com- 
plexes were widened and slurred, with a maximum interval of 0.11 second. The early trac- 
ings showed depression of the R-ST segment in all leads. The T waves were bizarre and 
changed rapidly. There was a progressive improvement in the tracing, which appeared 
relatively normal on September 11 (eighty-eighth day). 
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damage to the myocardium and consider them to have little or no prognostic 
value. We are not entirely in agreement with this opinion, in view of the clinical 
evidence of heart disease in three of our patients in whom the electrocardio- 
graphic changes were of the T-wave type. Our view that T-wave changes do 
have prognostic value is supported by an example of severe heart disease 
following faucial diphtheria. The symptoms and signs in this patient resembled 
those of a severe coronary occlusion. The first tracings taken showed only marked 
RS-T segment and T-wave abnormalities, but intraventricular conduction de- 
fects developed a few days later (Fig. 5). We feel that the RS-T segment and 
T-wave abnormalities are the result of an early or mild myocardial involvement 
and are potential precursors of later, more serious involvement. 


SUMMARY 


1. The myocardial complications which developed in a group of 140 patients 


with cutaneous diphtheria have been considered. 

2. Shortly after cutaneous diphtheria was first observed in this hospital 
we became impressed with the gravity of the myocardial complications, and 
Measures were instituted in an effort to recognize this complication early and to 
prevent death from this cause. The measures adopted may have been more 


stringent than necessary. 

3. Definite myocarditis appeared in four patients, one of whom died. The 
diagnosis was considered probable in three additional patients, an incidence of 
5 per cent. In seven other patients the diagnosis could not be excluded 


entirely. 

4. The symptoms, signs, laboratory studies, and electrocardiographie find- 
ings in these patients are discussed. 

5. Cardiac complications developed from the fourth to seventh week after 
the onset of the skin lesions. Their duration was from one to three months. 
All patients who survived showed no evidence of cardiac abnormality after 
four and one-half months from the onset of the skin lesions. The electrocardio- 
graph is an essential in the diagnosis and evaluation of the myocarditis. 

6. A definite parallel relationship existed between the severity of the 
cutaneous lesions and development of cardiac complications. Of 18 patients with 
very severe cutaneous diphtheria, four (22 per cent) developed myocarditis; 
whereas the complication did not appear in any of the 50 patients in whom 
the cutaneous lesions were mild. 

7. Neuritis developed as a complication in the three patients with definite 
myocarditis who survived, and in one of the three patients in whom the diagnosis 
of myocarditis was probable. The onset of neuritis either preceded, or coincided 
with, or followed the onset of the-myocarditis. 

8. It is concluded that myocarditis is an infrequent complication of 
cutaneous diphtheria, but one which must be especially considered in any patient 
in whom the degree of cutaneous involvement is severe. 


The author is indebted to Colonel Francis C. Wood for his many helpful suggestions 
and to First Lieutenant Thelma Cline for invaluable technical assistance in the course of this 


study. 
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THE PRESENCE AND PATHOGENESIS OF ENDOCARDIAL AND 
SUBENDOCARDIAL DEGENERATION, MURAL THROMBI, AND 
THROMBOSES OF THE THEBESIAN VEINS IN CARDIAC 
FAILURE FROM CAUSES OTHER THAN 
MYOCARDIAL INFARCTION 


MaJor JosEPpH E. Fiynn, M.C., CapTaIn FRANK D. Mann, M.C. 
ARMY OF THE UNITED STATES 


IBROSIS or fibrinoid changes of the endocardium, with or without a leuco- 

eytie infiltration, and hydropic degeneration of the subendocardial myo- 
eardium are commonly found in noninfareted hearts of patients having signs and 
symptoms of congestive heart failure, regardless of the etiology of the failure. 
Much less commonly, in addition to the endocardial fibrosis and subendocardial 
hydropie degeneration, ventricular mural thrombi and thromboses of the 
thebesian veins may occur. In the following two case reports all of the afore- 
mentioned morphologic changes were present. 


CASE REPORTS 


CASE 1.— 

Clinical History—On Jan. 16, 1945, the patient, a 29-year-old white man, was admitted 
to the hospital complaining of hoarseness, pain on swallowing, and persistent cough. In 
March, 1943, he had a brief episode of hoarseness. The hoarseness recurred in June, 1944, 
aud persisted. In December, 1944, he began to cough and lose weight. The physical examina- 
tion revealed hoarseness and diffuse audible pulmonary rales. A laryngoscopic examination 
showed swelling, infiltration, and ulcerations of both false and true vocal cords. The complete 
blood count, sedimentation rate, and urinalysis were within normal limits. The Kahn test 
for syphilis was negative. The sputum was positive for acid-fast bacilli, An x-ray film 
of the chest revealed widely disseminated densities throughout both lung fields. Planigraphic 
films showed two small cavities in the left upper lobe. 

The patient was put on bed rest and given a high-caloric, high-vitamin diet. He was 
uncooperative in the maintenance of bed rest and voice rest. His symptoms became pro- 
gressively worse and there was progressive weight loss. He died with manifestations of circu- 
latory failure on April 16, 1945. 

Clinical Diagnosis.—Bilateral, pulmonary, tuberculosis, with cavitation in left upper 
lobe; and tuberculous laryngitis. 

Necropsy Abstract.—The left lung weighed 1,050 grams and the right weighed 1,308 
grams. Both lungs were heavy and firmly consolidated. In the left lung near the medial 
border in the upper lobe there were two cavities, each measuring 3 cm. in diameter. They 
contained thin reddish gray fluid. The walls were thin. On section, the cut surfaces of 
the lungs were everywhere studded with innumerable small white tubercles. These were 
fairly uniform in size, averaging about 4 mm. in diameter. Most were moderately hard 
and stood out from the cut surface. A few yellowish caseous areas were noted in the apices 
and in the hilar region. These areas measured 1 to 2 em. in diameter. A few dense strands 
of grayish blue fibrous tissue were noted running through the lung in the same regions. 
A moderate amount of turbid grayish red fluid flowed from the cut surface, 
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The heart was slightly enlarged; its weight was 480 grams. There was distinct 
dilatation of the right side. The epicardium was smooth and intact and contained a 
moderate amount of pale yellow fat. The endocardium of the left auricle and ventricle 
was smooth and translucent. The foramen ovale was closed. The right auricle and 
ventricle were filled with a large soft currant-jelly clot. On removing this clot, numerous 
gray rounded mural thrombi were seen to almost completely line the right ventricle. These 
thrombi were firmly adherent to the endocardium. They were lodged between the trabeculae 
carnae, and iheir smooth, rounded surfaces projected slightly into the lumen of the chamber. 
A moderate number of similar thrombi, although smaller in size, were found in the right 
auricle. The valves were all normal. The aortic cusps were thin and accurately apposed 
at the commissures. The myocardium presented a normal pattern of fibers. It was pale 
gray red in color. The left and right ventricular walls measured 1.3 and 0.8 em., respec- 
tively, in thickness. The increase in the size of the heart was mainly accounted for 
by the right ventricular hypertrophy. The coronary arteries presented clear lumina of 
good caliber in all main branches. Their intimal surfaces were smooth and white. 


J 
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Fig. 1.—Case 1. Photograph of right ventricle showing the mural thrombosis in the 
interspaces of the trabeculae carnae and the thrombosis of a thebesian vein. (100). (U.S. 
Army Medical Museum, Negative 89589.) 


On the anterior wall in the upper portion of the esophagus there were irregular uleera- 
tions measuring 2 to 4 mm. in diameter. The larynx showed marked ulcerations of both 
the true and false vocal cords. The mucosal surfaces were covered with irregular shallow 
ulcerations. Similar ulcerations were present on the posterior surface of the epiglottis. 

Microscopically, the lesions of the lungs, epiglottis, and esophagus all showed” the 
typical morphologic changes of tuberculosis. Acid-fast rods were easily demonstrated in 
the various lesions. No appreciable sclerosis of the pulmonary vessels was noted. The 
histologic sections through the right ventricle revealed the mural thrombi to be made up 
of areas of platelets mixed with polymorphonuclear leucocytes, alternating with areas of 
erythrocytes. A considerable proportion of the erythrocytes was well preserved. Thrombi of 
the same structure blocked and massively distended the thebesian veins. Some smaller 
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2.—Case 1. Photomicrograph of right ventricular myocardium showing thrombosed the- 
besian vein. (X<100.) (U. S. Army Medical Museum, Negative 89592.) 


Fig. 3.—Case 1. Photomicrograph showing widening of the endocardium of the right 
ventricle, fibrinoid change of the connective tissue, and infiltration by polymorphonuclear 
leucocytes, (X<700.) (U. S. Army Medical Museum, Negative 89590.) 
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thrombi were found in veins deep in the myocardium and even in the epicardium. In many 
places the endocardium itself was infiltrated with polymorphonuclear leucocytes. Under such 
an infiltrated area, a thin layer of subendocardial myocardium stained a deep pink, and showed 
pyknotic nuclei. Elsewhere some of the subendocardial muscle fibers were swollen and pale 
staining. There was a diffuse sprinkling of lymphocytes in many areas of the myocardium. 
These were accompanied by occasional polymorphonuclear leucocytes and large mononuclear 
cells. Small foci of these cells were occasionally seen beside blood vessels. The right auricle 
showed the same changes as the right ventricle. The left ventricle showed only slight swelling 


and vacuolization of the subendocardial muscle fibers. 


Fig. 4.—Case 1. Photomicrograph showing two thrombosed thebesian veins of the right 
ventricle. (X69.) (U. S. Army Medical Museum, Negative 89591.) 

Anatomic Diagnosis.—Bilateral pulmonary tuberculosis with cavitation of the left 
upper lobe; tuberculosis of the larynx and esophagus; degenerative changes in the endocardium 
of the right auricle and ventricle, with mural thrombi; thromboses of the thebesian veins of 
the right auricle and ventricle; hypertrophy and dilation of the right ventricle; bilateral 


lobular pneumonia. 

Comment.—This ease of rapidly progressive pulmonary tuberculosis was al- 
ready far advanced when medical attention was sought. The patient’s terminal 
signs were those of circulatory failure. At autopsy, tuberculosis was found to 
involve principally the lungs and larynx. The right side of the heart was dilated 
and lined with mural thrombi. There was fibrinoid degeneration and leucocytic 
infiltration of the endocardium in these chambers. The thebesian veins were 
dilated and freshly thrombosed. Since the pulmonary vessels were normal, the 
dilatation of the heart was presumably the result of a toxic effect of the infee- 
tion on the myocardium, 


FLYNN AND MANN: MORPHOLOGIC CHANGES IN CARDIAC FAILURE 761 


CASE 2.— 

Clinical History.—The patient, a 49-year-old white man, was admitted to the hospital on 
Sept. 27, 1943. He had been hospitalized fourteen times for congestive failure. His first 
hospitalization was in 1930, when he gradually developed edema, ascites, dyspnea, and 
palpitation. These symptoms were at first mild but gradually increased in severity. Previous 
to his first hospitalization he had been well except for gonorrhea in 1915 and recurrent attacks 
of tonsillitis, the last of which occurred in 1932. At the time of his first cardiae episode in 
1930, after being hospitalized for sixteen weeks, he recovered sufficiently to return to military 
duty. In 1932, symptoms of cardiac decompensation recurred. This time he was given a 
medical discharge after fourteen years of service in the Army. Between 1932 and 1940 there 
were repeated episodes of heart failure, and hospitalization was required six times during 
this period. 

On admission to the hospital in 1940, his chief complaints were dyspnea and orthopnea 
following an acute upper respiratory infection of seven days’ duration. Physical examination 
revealed a blood pressure of 110/90 and evidence of pulmonary edema. There was a 2 plus 
The blood nonprotein nitrogen was 30 mg. per 100 cubic 


albuminuria and a 2 plus pyuria. 
The 


A diagnosis of ‘‘myoearditis with congestive heart failure’’ was made. 


centimeters. 
He was discharged as improved. 


patient was treated with digitalis, rest, and diuretics. 

He was readmitted to the hospital in October, 1941, complaining of dyspnea, anorexia, 
cramps in the leg muscles, vertigo, and syncope. The blood pressure was 102/88. The heart 
was not enlarged. No cardiac murmurs or disturbances in the heartbeat were present. Gastro 
intestinal roentgenographic studies were normal. There was a 1 plus albuminuria. ‘The 
diagnoses of generalized arteriosclerosis and mild cardiac decompensation were made. 
He was treated for congestive heart failure, from which he again recovered. He was re 
admitted to the hospital on Dec. 30, 1941, because of shortness of breath, edema of lower 
abdomen and legs, dysuria, and epigastric distress. There were no chest pains. Physical 
examination revealed distended neck veins, evidence of pulmonary congestion, and slight 
enlargement of the liver. The heart was enlarged, maximum intensity of the apex heart- 
beat being in the sixth intercostal space in the anterior axillary line. The pulmonary second 
sound was accentuated. There was moderate arteriosclerosis; the blood pressure was 120/90. 
In spite of the fact that typical murmurs were not heard and in spite of the fact that an 
x-ray film of the chest was not confirmatory, a diagnosis of mitral stenosis was made. The 
complete diagnosis on discharge was mitral stenosis and relative mitral insufficiency, generalized 
arteriosclerosis, hypertrophy of left ventricle, first degree auriculoventricular block, myocardial 
degeneration, and myocardial insufficiency. 

The twelfth hospital admission for congestive heart failure took place on Oct. 10, 1942. 
One examiner reported the following: ‘‘This patient is a classical mitral stenosis type with 
right-sided failure, which goes into decompensation repeatedly.’’ The maximum intensity of 
the apex beat was reported in the sixth intercostal space at the anterior axillary line. The 
heart sounds were diminished in intensity. The pulmonary second sound was accentuated. 
There was a rough, short presystolic murmur in the mitral area, with the suggestion of a 


diastolic murmur at the base of the heart. The heart rate was 72 per minute and the 


rhythm was regular. An electrocardiogram showed P-R intervals of 0.22, 0.26, and 0.24 
second. After digitalization and rest the symptoms of cardiac failure disappeared. 

The patient was readmitted to the hospital for the thirteenth time on Dec. 9, 1942, be- 
cause of the recurrence of congestive heart failure. Examination revealed enlargement of the 
liver, ankle edema, distention of neck veins, and arteriosclerosis of the peripheral vessels. The 
blood pressure was 120/70. The electrocardiogram showed persistent first-degree auriculo- 
ventricular block, intraventricular block, and T-wave changes indicating diffuse myocardial 
A presystolie apical murmur, low-pitched and rumbling, and a high-pitched diastolic 


damage. 
Enlargement of the left ventricle and left auricle was present. 


apical murmur were heard. 

The congestive heart failure responded to digitalis, rest; and diuretics. 
The fourteenth and last admission took place in September, 1943. Physical examination 

showed the skin to be dry, cool, and slightly cyanotic. There was evidence of intrapulmonary 
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and of pleural fluid, moderate arteriosclerosis, absence of pulsation of the dorsalis pedis 
arteries of both feet, moderate bilateral varicosities, and moderate ankle edema. The blood 
pressure was 108/76. The heart was markedly enlarged to the left, with the maximum intensity 
of the apex beat in the sixth intercostal space at the anterior axillary line. There was an 
apical systolic murmur, soft and blowing. The neck veins were distended. Slight enlarge- 
ment of the liver was noted. No ascites was present. On this admission albuminuria and 
moderate secondary anemia were present. The electrocardiogram revealed evidence of severe 
myocardial damage, first degree auriculoventricular block, and left axis deviation. An x-ray 
tilm of the chest showed left ventricular enlargement and pulmonary congestion. During this 
utmission the patient ran the gamut of all phases of congestive heart failure, showing nearly 
every type of cardiac arrhythmia and heart block. He had difficulty in voiding and required 
‘atheterization. Hemoptysis and leucocytosis appeared during the final two days. He ex- 
pired at 11:05 a.m., Nov. 19, 1943. 

Clinical Diagnosis.—Heart disease. (A) Etiological: (a) rheumatic fever, quiescent; 
(b) moderate generalized arteriosclerosis. (B) Structural: mitral stenosis and insufficiency; 
hypertrophy and dilatation of left and right ventricles; myocardial degeneration and in- 
sufficiency; pulmonary infarction. (C) Physiologic: auricular fibrillation; auricular 
paroxysmal tachycardia; A-V and bundle branch block. 

Necropsy Abstract.—The heart weighed 485 grams. All chambers showed moderate 
hypertrophy and marked dilatation. The right auricle was especially dilated and the great 
veins leading into it were distended with blood. On the anterior surface of the left ventricle 
was an irregular milky white plaque about 3 cm. in diameter. The epicardium was otherwise 
smooth and intact; it contained a moderate amount of fat. Adhering to the endocardial 
surfaces of both ventricles, especially between the trabeculae carnae, were numerous mural 
thrombi. Most of these were red and showed fine white layers on section. They measured 
up to 3 em. in diameter. Some of the thrombi were grayish brown and showed slight central 
softening. Both of the auricular appendages were filled and distended with thrombi. The 
tricuspid valve measured 12.5 em.; the pulmonic, 8 cm.; the mitral, 10 em.; and the aortic, 
7 centimeters. The tricuspid leaflets were thin, delicate, and translucent; the chordae tendineae 
attaching to them were thin and discrete. The pulmonic valves appeared normal except for 
distinct dilatation of the ring. The mitral leaflets were of normal configuration, thin, and 
delicate; their chordae tendineae were thin and showed no fusions. The aortic cusps were 
thin and accurately apposed at the commissures. The myocardium was brownish red with 
a striking yellowish gray cast, and of rather flabby consistency. The fibers were poorly defined. 
Scattered through the myocardium were tiny translucent gray areas measuring 1 mm. or less 
in diameter. These were located principally in the regions beneath the mural thrombi. In the 
region of the apex, the wall of the left ventricle was thinned, measuring in places no more 
than 5 millimeters. In this area strands of gray fibrous tissue were noted in the myocardium. 
The endocardium over these areas was thick, white, and fibrous. Elsewhere the left ventricular 
wall averaged 1.4 cm. in thickness, while the right ventricular wall averaged 0.4 centimeter. 
All principal branches of the coronary arteries were of large caliber; there were no occlusions. 
The walls of these vessels were elastic, and their intimal surfaces were white and perfectly 
smooth. 

Microscopie sections through the mural thrombi showed striking degeneration and 
fibrosis of the endocardium and subendocardial myocardium beneath the thrombi. In the 
trabeculae carnae the muscle fibers were almost completely replaced by loose fibrous tissue 
containing considerable numbers of young fibroblasts. The outlines of groups of muscle fibers 
were represented here and there by fibrinoid material staining bright pink. The fibroug tissue 
was highly vascular and contained numerous large capillaries, which were for the most part 
congested. There were many ecchymoses. Numerous large and small mononuclears and pig- 
ment-filled mononuclear macrophages were scattered through the fibrous tissue. There were 
a few polymorphonuclear leucocytes. The mural thrombi were densely adherent to this de- 
generate endocardium and subendocardium. The endothelium was entirely destroyed. The 
capillaries and fibrous tissue grew from the endocardium into the thrombi at various points, 


ogee fibrosis and hydropic degeneration ‘of 
( 


CHANGES IN CARDIAC FAILURE 763 


FLYNN AND MANN: MORPHOLOGIC 


of right ventricular myocardium showing marked 
(X130.) 


5.—Case 2. Photomicrograph 
the subendocardial myocardium. 


Fig. 
. S. Army Medical Museum, Negative 87901.) 


Fig. 6.—Case 2. Photomicrograph of left ventricle showing mural thrombus formation 
and endocardial fibrosis. In the subendocardial myocardium there is an inflammatory cell in- 
filtration and extensive myomalacia with replacement fibrosis. The islands of surviving muscle 
fibers show marked hydropic degeneration. The identity of the thebesian veins is lost in the 
fibrotic tissue. (x130.) (U. S. Army Medical Museum, Negative 87904.) 
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The thrombi seemed to be of varying ages; some appeared to be fairly recent. Large groups 
of erythrocytes in various stages of preservation alternated with areas of fibrin and poly- 
morphonuclear leucocytes. In the other portions of the thrombi dense strands of condensed 
fibrin threads staining bright pink were noted. Practically all of the trabeculae carnae were 
degenerated. In places other than the trabeculae carnae, the degeneration usually extended 
for variable distances below the endocardium. Organized thrombi within their lumina had 
converted the thebesian veins into solid cords of fibrous tissue. The coronary arteries appeared 
to be normal. The muscle fibers elsewhere in the myocardium were in some instances large 
and pale-staining. There appeared to be a distinct increase in the number of capillaries; 
many were congested. Sections through the auricles showed their endocardium practically 
covered with thrombi, the majority of which were rather recent. The subendocardial myo- 
cardium showed degenerative changes essentially similar to those in the ventricles except that 
the degeneration was present only in scattered areas and involved only a very thin layer of 
myocardium. Several of the larger myocardial veins contained thrombi, presumably the result 
of propagation from the thebesian veins. The remaining findings are listed in the anatomic 


diagnoses. 


Fig. 7.—-Case 2. A thrombosed venous sinus in the left ventricular myocardium. Note 
the hydropic degeneration of the myocardial fibers adjacent to one side of the vessel. (X130.) 
(U. S. Army Medical Museum, Negative 87902.) 


Anatomic Diagnosis—Degeneration and fibrosis of endocardium and subendoecardial 
myocardium; mural thrombi in all cardiac chambers; organized thromboses of the thebesian 
veins and recent thromboses of larger myocardial veins; cardiac hypertrophy and dilatation; 
multiple bilateral pulmonary infarcts and infarcts of kidneys and spleen; congestion, necrosis, 
and fibrosis of the liver; fibrosis of the lungs; moderate generalized arteriosclerosis. 


Comment.—This case was characterized by many bouts of cardiac failure 
necessitating fourteen hospitalizations over a period of thirteen years. At au- 
topsy the heart weighed 485 grams. There was no evidence of rheumatic endo- 


| 
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TABLE ] 
CASE 
RACE DURATION OF 
SEX | VENTRICULAR 
AGE (YR.) | CARDIAC PATHOLOGY FAILURE ETIOLOGY 
\-41 Weight 555 grams. Marked hypertrophy 2 weeks Hypertensive 
White male and dilatation of right and left ventricles. heart disease 
51 Slight to moderate coronary arterio- 
sclerosis. Slight myocardial fibrosis. 
Slight subendocardial hydropic degenera- 
tion and fibrosis of the interventricular 
septum 
A-14 Weight 470 grams. Slight right- and left- 1 month Rheumatic heart 
White male sided hypertrophy and dilatation. No disease 
42 appreciable coronary sclerosis. Rheu- 
matie  panmyocarditis. Myocardial 
fibrosis. Marked left ventricular sub- 
endocardial hydropie degeneration 
A-1] Weight 470 grams. Dilatation and hyper- 1 year Coronary sclerotic 
White male trophy of right ventricle, dilatation of heart disease 
50 left ventricle. Marked coronary sclerosis. 
Myocardial fibrosis. Marked left ven- 
tricular subendocardial hydropic degen- 
eration and marked fibrosis 
A-12 Weight 720 grams. Right- and left-sided 2 years Hypertensive 
White male hypertrophy and dilatation. Slight to heart disease 
66 moderate coronary sclerosis. Slight left 
ventricular myocardial fibrosis. Left 
ventricular subendocardial nécrosis and 
fibrosis 
A-24 Weight 560 grams. Marked left-sided hyper- 8 years Coronary sclerotic 
White male trophy and dilatation. Coronary arterio- heart disease 
70 sclerosis. Left ventricular myocardiai 
fibrosis. Extreme left ventricular sub- 
endocardial hydropic degeneration and 
necrosis. Thebesian vein thromboses, left 
ventricle. Mural thrombi, left ventricle 
A-7 Weight 750 grams. Hypertrophy and 6 months Hypertensive 
White male dilatation of all chambers. Marked heart disease 
46 coronary arteriosclerosis. No coronary 
occlusion. Left ventricular endocardial 
fibrosis. Slight hydropic degeneration of 
subendocardial myocardium of left ven 
tricle. Mural thrombi left ventricle and 
right auricular appendage. Thromboses 
of thebesian veins, left ventricle 
A-34 Weight 730 grams. Hypertrophy and 3 years Hypertensive 
White male dilatation of left ventricle. Subendo heart disease, 
76 cardial hydropic degeneration of left coronary sclerosis 
ventricle. Marked sclerosis of coronary 
vessels 


A-29 
White male 
73 


Weight 570 grams. 


Left ventricular hyper 
trophy and dilatation. Slight coronary 
arteriosclerosis. Fibrinoid necrosis of 
endocardium of left ventricle. Hydropic 
degeneration of subendocardial myo- 
cardium of left ventricle 


6 days 


Hypertensive 
heart disease 
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carditis, old or recent. All four chambers of the heart were lined by mural 
thrombi shading from red to gray. There was extensive endocardial fibrosis and 
subendocardial hydropie degeneration. The thebesian veins in these areas con- 
tained completely organized thrombi, making identification of the vessels diffi- 
eult. No significant coronary arteriosclerosis was present. The heart valves 
were all normal. The etiology of the heart disease in this case is obscure. Simi- 
lar eases have been ascribed, by Dock,' to beriberi. Smith and Furth? reported 
five cases in which there were cardiae hypertrophy and dilatation, and fibrosis of 
the endocardium and myocardium with mural thrombotic formation not at- 
tributable to arteriosclerosis, hypertension, or valvular heart disease. They 
raised the question as to whether the cardiae findings were associated with a 
deficient diet. In the case reported in this paper the patient was in comfortable 
economic circumstances during the latter part of his clinical course. At the 
onset of his illness he was in the Army, presumably eating at an Army mess. 


TABULATED CASES 


To determine the relative frequency of endocardial and subendocardial de- 
generation, mural thrombi, and thrombosis of the thebesian veins, eight au- 
topsied cases of cardiae failure which were studied at necropsy were selected 
and the cardiac findings were tabulated. The criteria used in selecting these 
eases were clinical evidence of congestive failure and absence of anatomic evi- 
dence of myocardial infarction. 

The etiology of the cardiae failure in the eight tabulated cases and the de- 
tailed case reports follow: 


Hypertensive heart disease t 
Rheumatic heart disease 1 
Coronary arteriosclerotic heart disease 2 cases 
Hypertension and coronary arterioselerotie heart disease 1 
Toxie myocardial disease 1 
Beriberi (?) 1 


Special stains indicated that the hydropie appearance is not related to 
glycogen deposition. In four of the eases fat stains showed the hydropie fibers 
to contain finely divided lipid. 


case 


DISCUSSION 


It is to be noted that from an anatomic standpoint these 10 cases have in 
common the anatomie finding of cardiae dilatation and from a clinical stand- 
point evidence of ventricular failure. In all 10 hearts there was hydropie de- 
generation of the subendoecardial myocardium of the dilated ventricle. In nine 
there was degeneration of the endocardium in the form of either fibrosis or 
fibrinoid necrosis. In four of these cases there were, in addition to the’endo- 
eardial and subendoecardial degeneration, extensive mural thrombi and throm- 
boses of the thebesian veins. There were no instances of thromboses of the 
thebesian veins without mural thrombi or vice versa. The thromboses of the 
thebesian veins are undoubtedly secondary to the mural thrombus formation. 
It is suggested that the subendocardial fibrosis and subendocardial hydropie 
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degeneration are related to incomplete emptying of the dilated failing ventricle, 
with a resultant intraventricular stasis of blood having a reduced oxygen con- 
tent. It has been established that a narrow zone of the ventricular and intra- 
ventricular subendocardial myocardium is nourished from blood contained 
within the ventricular cavities themselves. When mural thrombi are not pres- 
ent, the subendocardial hydropie degeneration is limited to the narrow zone 
usually spared in myocardial infaretion.? As a result of the circulatory stasis, 
oxygenation and nutrition of the subendocardial tissue are inadequate. The 
inadequate oxygenation and nutrition become manifest anatomically by hydropic 
degeneration and by necrosis and fibrosis of the tissue in this region. Such a 
sequence of events often leads to the formation of mural thrombi and to thrombo- 
sis of the thebesian veins in the involved areas. 

The question of the clinical and physiological significance of these related 
phenomena may be justifiably raised although not conclusively answered by 
the data given here. In the second case report, a clinical and pathologie study 
yielded no adequate explanation of the repeated bouts of cardiac decompensa- 
tion. It seems conceivable that following an initial episode of failure, caused 
perhaps by beriberi or some obscure toxic myocarditis, the heart may have 
been left functionally impaired, due to the morphologic changes described in this 
report. The correlation between the degree of anatomic valvular or peripheral 
vascular handicap of the heart and the severity of clinical heart disease is often 
not close. It is suggested therefore that these changes caused by intraventricular 
circulatory stasis in heart failure may predispose the heart to further episodes 
ot decompensation. 

SUMMARY 


The cardiac pathology of 10 cases of heart disease which were characterized 
clinically by signs of myocardial insufficiency, and anatomically by ventricular 
dilatation, is given. Four of the patients had hypertensive heart disease; one, 
rheumatic heart disease; two, coronary arteriosclerotic heart disease ; one, hyper- 
tension with coronary arteriosclerotic heart disease; one, a possible toxic myo- 
carditis; and one, possible beriberi heart disease. In all 10 cases there was a 
hydropie degeneration of the subendocardial myocardium of the dilated ven- 
tricle. In nine of the cases there was degeneration of the endocardium, either 
in the form of endocardial fibrosis or fibrinoid necrosis with or without leuco- 
eytic infiltration. In four of these cases there was, in addition to the endo- 
cardial and subendocardial degeneration, extensive mural thrombi and throm- 
boses of the thebesian veins. The suggested pathogenesis of the afore-mentioned 
alterations is intraventricular circulatory stasis, with inadequate oxygenation 
and nutrition of the portion of tissue normally supplied by blood in the ventricu- 
lar cavity. 

CONCLUSIONS 

1. Endocardial and subendocardial myocardial degeneration are common 
morphologic alterations in patients dying of congestive heart failure. 

2. Following subendocardial degeneration, mural thrombi and thromboses 
of the thebesian veins may occur. The thromboses of the thebesian veins are 
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secondary to the mural thrombi; the opposite is not true. These two findings 
are invariably associated. 
3. These morphologic alterations can be explained on the basis of intra- 
ventricular circulatory stasis. 
4. It is reasonable to expect that these morphologic changes further impair 
the function of the heart. 
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Clinical Reports 


VENTRICULAR FIBRILLATION 


WITH SpeEcIAL REFERENCE TO THE MORGAGNI-ADAMS-STOKES SYNDROME; 
ReEporT oF AN UNusuAL CASE 


Aaron E. PArRSONNET, M.D., ARTHUR BERNSTEIN, M.D., 
AND EMANUEL KLosk, M.D. 
Newark, N. J. 


N 1769 Morgagni first deseribed a ease of cardiae syneope with convulsive 

manifestations. This report was followed by similar reports by Adams in 
1827 and by Stokes in 1846. Since these early reports, the slowness of the pulse 
has been the factor emphasized by most observers.‘ In fact, most textbook 
descriptions limit the term Morgagni-Adams-Stokes syndrome to those cases 
of syncope accompanied by slowness of the pulse. The Criteria of the New 
York Heart Association defines the Adams-Stokes syndrome as ‘‘that condi- 
tion in which there are attacks characterized by unconsciousness, often ac- 
companied by muscle twitchings, and even general convulsions. ‘These attacks 
occur in patients with auriculoventricular block when the ventricular diastole 
is sufficiently prolonged to result in a severe grade of cerebral ischemia.’ The 
duration and severity of an attack depend upon the length of the ventricular 
diastole.’’”? The term is not applied to syneope due to other causes. However, 
in spite of this definition and its general acceptance, we feel that the concept 
of Parkinson, Papp, and Evans* is more accurate since the original observers 
had no electrocardiographie studies by which to determine the true cause of 
the bradyeardia and the resultant syneope. Certainly another mechanism, 
which we shall discuss as a causal factor of the syneopal attack, occurs with 
sufficient frequeney to warrant its inelusion in the definition of the Morgagni- 
Adams-Stokes syndrome. 

As a matter of fact, Parkinson and his co-workers,*® in a careful review 
of the literature up to 1941, found that of 64 cases in which electrocardio- 
graphie studies were made during the unconsciousness of the Adams-Stokes 
attack, almost one-half of the attacks were due to ventricular fibrillation and 
tachyeardia and not to ventricular standstill alone. In view of these data, 
it is no longer compatible with fact to state that only instances of auriculo- 
ventricular or ventricular standstill be included in this syndrome. We feel, 
therefore, that the definition proposed by Parkinson, Papp, and Evans is much 
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more applicable and should be generally accepted. They defined Stokes-Adams 
disease as ‘‘that condition which is seen in patients with heart block, who 
suffer from recurrent attacks of loss of consciousness due to ventricular stand- 
still, ventricular tachyeardia, ventricular fibrillation, or a combination of these.’’ 
It is important to bear in niind that in true Stokes-Adams disease, when there 
is ventricular standstill, the auricles continue to beat, whereas in other con- 
ditions of eardiae syncope there may. be total cardiac asystole. Thus, this 
definition excludes eardiae syneope due to neurogenic or myogenic causes, 
such as vasovagal reflexes from stimulation of the carotid sinus, paroxysmal 
ventricular tachyeardia complicating nodal bradyeardia, and severe myocardial 
damage such as is seen in certain infections, all of which result in attacks of 
unconsciousness simulating Adams-Stokes disease. The absence of heart block 
and the episodie nature of the attacks readily distinguish them from the true 
Adams-Stokes syndrome. 

Ventricular fibrillation, ventricular tachyeardia, and ventricular standstill 
have usually been described in conjunction with the agonal phenomena of the 
dying heart.t| Only rarely have such arrhythmias been recorded in patients 
who have survived for any length of time. To date, only 28 such cases have 
been recorded, 13 of which showed ventricular tachyeardia and ventricular 
fibrillation only, without eardiae standstill. The reason for such paucity of 
elinieal material is obvious; ventricular fibrillation is usually fatal, so that a 
study of this arrhythmia in the living is extremely rare and therefore always 
worthy of careful observation and analysis. The mechanism for the produc- 
tion of ventricular fibrillation suggested by Wiggers’ is as follows: A pre- 
mature systole appears during the vulnerable period of early diastole or late 
systole when certain elements of the cardiac syncytium have passed out of 
their refractory state. The impulse thus set up will weave its way through 
nonrefractory myocardial tissue to form a small wave front from which 
daughter excitation waves pass out over large portions of the myocardium. 
Then by the phenomenon of re-entry, smaller blocks of myocardium develop 
an independent excitation. The anoxia caused by incoordinated ventricular 
contractions causes failure of the coronary blood flow, which further slows 
conduction in the eardiae syncytium, decreasing fractionate contraction even 
more. This establishes the ventricular fibrillation. 

Schwartz® divided recurrent ventricular fibrillation into three stages. The 
first he designated as the prefibrillatory, the second as the fibrillatory, and 
the third as the postfibrillatory pericd. In the first stage there is an accelera- 
tion of the ventricular rate, with many extrasystoles of multifocal origin. The 
fibrillating stage shows a high rate of bizarre ventricular complexes appearing 
in irregular fashion. In the third stage there is a variable degree of ven- 
tricular standstill followed by ventricular tachyeardia before the restoration 
of the basie ventricular rhythm. In this connection, it is worth mentioning 
that in 1937 Borg and Johnson‘ reported a case of a 26-year-old man with 
syncope; they found that there was a stage of arrhythmia preceding uncon- 
sciousness, though no ventricular fibrillation occurred. In this patient the 
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prefibrillatory period was followed directly by ventricular standstill. This 
ease serves to point out the facts that, although the three stages of Schwartz 
should be kept in mind, they are not absolute and that many cases do not 
conform to this classification, even though they are undisputed instances of 
Adams-Stokes disease. Moreover, the mere appearance of an arrhythmia prior 
to syneope does not necessarily mean that the syncope must be due to ven- 
tricular fibrillation, for it may also be caused by ventricular standstill alone. 

In this brief discussion of the mechanism of ventricular fibrillation in 
Adams-Stokes disease, it will be of practical benefit to point out also the other 
conditions which may be instrumental in producing the syndrome. Cowan 
and Ritchie,® in a review of 78 cases of complete heart block, found that only 
one-third showed the Adams-Stokes syndrome. Graybiel and White,° in their 
report of 72 cases of complete heart block, showed that only 44 had bouts of 
Adams-Stokes disease. Therefore complete heart block is not the only factor 
essential to the production of the syndrome. Both Scherf,’® in the German 
literature, and Parkinson and his co-workers,’ in the English, divide the pa- 
tients showing Adams-Stokes syndrome into three main groups. In the first 
group, the syncope is caused by ventricular tachyeardia with resultant insuffi- 
cient diastolic filling. The length of time before syncope will occur depends 
on the strength of the myocardium and the state of the arterioles at the time. 
In the second group, the symptoms are due to ventricular asystole which re- 
sults from the failure of the ventricle to take over and establish its idioven- 
tricular rhythm. As we have previously mentioned, when this mechanism is 
active, it is difficult to determine by clinical method whether the asystole is 
of neurogenic or myogenic origin. In the third group, syncope is the result of 
a combination of ventricular tachyeardia, with a subsequent period of ven- 


tricular asystole. 

In most of the eases reported in the literature, the patients are among the 
older age group. This further emphasizes the fact that the state of the myo- 
cardium and the patency of the cerebral blood vessels play a definite and 
important role. As we have previously mentioned, the only recorded case in 
the younger age group is that of a 26-year-old man, reported by Borg and 


Johnson.’ 

We had the good fortune to observe a patient who suffered an attack of 
syncope produced by a combination of ventricular tachyeardia, ventricular 
fibrillation, and ventricular standstill. We were able to record electrocardio- 
graphically the entire attack. Since only fifteen such cases are on record, this 
ease has theoretical and clinical interest. 


CASE REPORT 


A.8., a 73-year-old white housewife, was admitted to the Newark Beth Israel Hospital, 
Dec. 11, 1943, following an attack of syncope. The past history was negative except that 
the patient had had two previous attacks of syncope. Five years before she had suffered 
her first attack when the door of a subway train closed upon her. Three years before our 
studies, the patient, who was an ardent horse race fan, suffered an attack of syncope as 
she was leaving the Belmont Race Track, 
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Fig. 1A. 

Figs. 1A, 1B, 1C, and 1D.—This is a continuous tracing, taken entirely on Lead III, dur- 
ing the patient’s period of unconsciousness. Since it was started a few moments aff®r the 
patient developed syncope, the presyncopal period is not recorded. 

here is a period of ventricular fibrillation (Strips 1 and 2), followed by a short period 
of ventricular tachycardia (Strip 3). Ventricular standstill of 60.8 seconds is then seen (Strips 
4 to 9). The auricles continue to function during the entire ventricular standstill at the rate 
of 32 beats per minute. A few idioventricular beats then occur, followed by ventricular beats 
from various foci (Strips 10 and 11). A period of pseudobigeminy, as a result of bidirec- 
tional complexes, is then seen, followed by so-called “chaotic heart action,” in which multiple 
ventricular foci produce idioventricular beats of varied contour (Strips 12 to 22). This 
arrhythmia continues until the basic complete heart block appears for a short time (Strip 23). 
Then ventricular tachycardia interspersed with heart block recurs (Strips 24 and 25). Finally, 
the heart block is re-established as the dominant rhythm (Fig. 1D). 
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ss dates back to Dec. 11, 1944, when the patient was found uncon- 
ront of the office of one of the authors. She was in a completely 
nd flushed, and the pulse and heart sounds were 
d on cursory examination. 


Her present illne 
scious, in the street, in f 
unconscious state. Her face was cy anotie a 


unobtainable. No localized neurological signs could be elicite 
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Fig. 1B.— (For legend see Fig. 1A.) 


several times and developed clonic muscular 
mities. During the ambulance ride to the 
at the hospital, her mind partially 
d rambled vociferously. 


After several minutes, the patient vomited 
twitchings involving both upper and lower extre 
she regained consciousness. Upon arrival 


hospital, 
y disoriented as to time and place an 


cleared, but she was thoroughl} 


all 


Fig. 1C.—(For legend see Fig. 1A.) 


Fig. 1D.—(For legend see Fig. 1A.) 
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Physical examination revealed that the patient looked her stated 73 years of age. 
She could lie flat in bed. She was pale, rather than cyanotic. The pupils were equal and 
reacted to light and accommodation. The external ocular muscles were normal, the fundi 
showed an increased silver wire effect with prominent A-V nicking, the discs were nega- 
tive, and there were no hemorrhages or exudates. The examination of the nose and ears 
was negative. The mouth was moist and clean. The pharynx was negative; the tonsils 
were small and imbedded. The neck veins were not distended. There was no lymph- 
adenopathy and no thyroid enlargement. The chest was clear. The point of maximum 
impulse was located in the fifth intercostal space outside of the midclavicular line. The 
heart sounds were of good quality; a third heart sound, heard between two normal beats, 
was interpreted as being due to auricular beats. A, was greater than P,. There was a 
loud, harsh, long systolic murmur at the apex, transmitted to the anterior axillary line; 
another systolic murmur, somewhat softer, was heard at the aortic area. The pulse rate 
and ventricular rate were 42 per minute. The blood pressure was 180/60. The liver, kid- 
neys, and spleen were not felt; there was no tenderness nor rigidity, and no palpable 
masses in the abdomen. The examination of the extremities showed marked Heberden’s 
nodes, but no cyanosis, edema or elubbing; peripheral sclerosis was present. On neuro- 
logical examination, the deep reflexes were equal and active; no pathologic reflexes were 


elicited. 


Fig. 2.—Tracing taken the day following, when the patient was apparently in her nor- 


mal state. The rhythm is a two-to-one neart block with a nodal escape beat seen in Lead L 
The abnormalities noted are inverted T waves in Leads I, II, and IV, with left axis deviation. 


The clinical diagnosis was arteriosclerosis and hypertension, enlarged heart, mitral 
insufficiency, dilated aorta with complete A-V heart block, and Adams-Stokes syndrome. 


The patient was placed on phenobarbital, 144 grain four times daily, and papaverine, 
11%4 grains three times daily. She remained much quieter and had no convulsive or syn- 


copal episodes. 

On Dec, 12, 1943, she was taken to the electrocardiographie department. When the 
electrodes were applied, she suddenly turned a cadaveric white, the respiration ceased, the 
heart sounds became inaudible and the pulse imperceptible. The patient made a few gasp- 
During this time, sphincter control 


ing respiratory movements, and the pupils dilated. 
A continuous tracing of the events 


ceased and she became incontinent of urine and feces. 
in the heart, during this whole episode will be found in the accompanying electrocardio- 
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grams (Fig. 1). Soon the face of the patient became suffused and cyanotic, there were 
some deep, sporadic respiratory movements, and the patient gradually returned to con- 
sciousness. During the ensuing three days the patient had several further seizures, each 
following the same general pattern. Fig. 2 illustrates the rhythm on the third day when 
the pulse was 40 per minute. After these episodes, she remained free from attacks, and 
her mind returned to normal. On the seventh day she refused to stay in bed and insisted 
on going home. She was discharged at her own risk. 

Following these episodes, the patient has consistently refused medical care of any 
kind. She is perfectly rational, does her own housework, and will not permit further elec- 
trocardiographie studies to be made. Eighteen months have now passed since the first 
tracing was taken, and the patient has returned to full activity. Recently she was ob- 
served lifting bundles of paper averaging more than 20 pounds each. 


DISCUSSION 


A number of investigators have recorded cases of ventricular fibrillation, 
both in Adams-Stokes disease and in the dying heart. These reports emphasize 
the fact that ventricular fibrillation is rarely seen in the Adams-Stokes syn- 
drome, unless the basic rhythm is some degree of heart block. Furthermore, 
the time when ventricular fibrillation is most apt to occur, is during the tran- 
sition from partial to complete A-V heart block. However, this is not an 
inflexible rule, since cases have been recorded in which a patient with partial 
heart block has developed ventricular fibrillation without ever having reached 
a stage of complete auriculoventricular dissociation. 

Instances of Adams-Stokes disease, which occurred during acute myocar- 
dial infarction following coronary occlusion, have been reported. Beekwirth" 
recorded three such cases which demonstrated different underlying mecha- 
nisms. Complete heart block was present in one case and paroxysmal ven- 
tricular tachyeardia in another; both conditions were present in the third. 
In none of the three patients were the synecopal attacks registered electro- 
eardiographieally. 

Experimental ventricular fibrillation may be induced by ligation of one 
of the coronary arteries; it is therefore felt that this arrhythmia may be re- 
sponsible for sudden death in acute myocardial infaretion in the human subject. 
It is believed that afferent impulses from the infarcted area give rise to reflex 
coronary spasm by way of the vagi. This results in myocardial anoxia which 
may initiate the premature contractions that lead to fibrillation. It is interest- 
ing that Smith, MeEachern and Hall’? found that the mortality rate from 
sudden occlusion of the left coronary artery in normal dogs could be reduced 
from 75 per cent to 50 per cent by the administration of quinidine. Death 
in these animals was usually due to ventricular tachyeardia, followed by ven- 
tricular fibrillation. Quinidine seemed to prevent much of the pain of the 
occlusion. It is interesting to note that when quinidine was used instaaices 
of ventricular tachyeardia and extrasystoles were more frequent, though there 
were fewer cases of ventricular fibrillation. 


The prognosis, at best, is uncertain. Such patients usually have had ad- 
vaneed arteriosclerotic heart disease with marked coronary arteriosclerosis 
and myocardial fibrosis, and rarely survive more than a few months after an 
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attack. Our case is unique in that the patient is still active eighteen months 
after the recorded seizure and probably five or six years following the initial 
attack. 

It may be pertinent to discuss the various forms of treatment suggested 
for this condition. Many years ago barium chloride was recommended as the 
drug most likely to prevent Adams-Stokes syneope. However, Parsonnet and 
Hyman,"* in a earefully controlled experimental study concluded that this 
drug was of no value. The use of adrenalin or ephedrine has been proposed 
because these drugs are such powerful cardiac stimulants ; unfortunately, their 
true value in the therapy of this condition is not very clear. There is some 
evidence to show that in chloroform anesthesia the administration of adrenalin 
may, in itself, induce ventricular fibrillation.'‘ Ephedrine, too, because of its 
irritating effect on the myocardium, may be a dangerous drug in spite of the 
fact that theoretically it should prevent ventricular standstill. Quinidine sul- 
fate has been used prophylactically in an attempt to prevent some of the 
arrythmias, especially the extrasystolic ones, and thus forestall ventricular 
fibrillation. The experiments on dogs by Smith and his collaborators’? are 
especially suggestive. However, quinidine, in excess, produces ventricular 
fibrillation in the experimental animal. More recently, Katz’? suggested the 
use of papaverine in large doses. Experimentally, at least, this drug has been 
found effective in both stopping and preventing ventricular fibrillation. From 
the previous consideration, it is evident that of the drugs suggested, the ideal 
one for the treatment of Adams-Stokes disease, or the component arrythmias 


that produce it, has not yet been found. Until a better drug is found, there- 
fore, papaverine in large doses, or perhaps quinidine, is the remedy of choice. 


The report of this case helps to summarize the known facts on the Morgagni- 
Adams-Stokes syndrome, as well as on ventricular fibrillation. The-patient 
was a woman, 73 years of age, when first seen. However, the condition must 
have been present for at least five years, in view of a clear-cut history of 
syneopal attacks five and three years prior to hospital admission. The ob- 
served attack did not demonstrate very clearly the three stages suggested by 
Schwartz; we were unable to record the so-called prefibrillatory period in our 
tracings. However, this stage may have been of such short duration that it 
was not observed before the onset of syneope. On the other hand, that the 
syneopal period followed the rather typical course pointed out by Parkinson 
is clearly demonstrated in the tracings. Ventricular fibrillation with a rapid 
rate was followed by a period of rapid ventricular tachycardia which was 
followed by another short period of ventricular fibrillation and, finally, by 
ventricular asystole. The auricles continued to beat during the entire period 
of ventricular asystole which, in this particular seizure, lasted for one full 
minute. The longest period of asystole thus far recorded is seventy-nine 
seconds.'® In our ease, the asystoliec period was followed by ventricular tachy- 
eardia with idioventricular beats and multifocal extrasystoles. Finally, a run 
of ectopic beats with bidirectional complexes appeared, and the heart rate 
slowed enough so that, when consciousness returned, the rhythm reverted to 
the heart block, which was originally present. 
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In the treatment of the condition, the only drug used was papaverine in 
large doses. It is difficult to say whether or not this contributed to our 
patient’s recovery, since she recovered from her previous attacks without 
medication. During the past eighteen months she has taken no medication 
and apparently has had no further seizures. 

It is important from a prognostie point of view to discuss the question 
of longevity in such cases. In the series of 56 patients reported by Parkinson 
and his co-workers, there were 15 with ventricular standstill alone. Five of 
these died during the attack and seven lived and were free from seizures for 
from three months to four and one-half years after the onset of Adams-Stokes 
disease. The remaining three of the series died of noneardiae causes. Of 20 
eases similar to our own, 15 patients died during the attack and five died 
within a year after discharge. Only four of this group were alive after three 


to ten months. 

Based upon the previous data, the prognosis in cases with very rapid ven- 
tricular tachyeardia and fibrillation is immediately grave. However, if the 
patient recovers from the initial syneopal seizure, the life expectaney is about 
one year. Our patient has survived for 18 months after the one attack which 
was graphically recorded, and has probably lived now for six years since her 
first syneopal seizure which we assume to have been similar in character to the 


attack which we recorded. 
SUMMARY 


1. We have discussed the definition of the condition known as Adams- 
Stokes disease, or the Morgagni-Adams-Stokes syndrome. Based upon the 
review of the literature, we feel that the Adams-Stokes syndrome should in- 
elude not only eases of ventricular standstill with loss of consciousness, but 
also those of syneope due to ventricular tachyeardia or ventricular fibrillation. 


2. An instance of this condition is reported which is unusual in that the 
patient lived six years, which is much longer than most patients liver after 
the onset of syncope. 

3. The varied methods of treatment are briefly summarized and found to 
be inadequate. At the present time, quinidine and papaverine seem to be the 
drugs of choice. 
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ADDENDUM 


April 15, 1946: This patient is still alive and able to carry on her daily 
routine as a housewife, two years and four months after the recorded attack. 
She refuses, however, to permit further study. 


1 
1 : 


FATAL CORONARY FAILURE WITHOUT INFARCTION: 
REPORT OF A CASE 


Masor J. S. York, M.C., aNp CapraIn JOHN W. M.C. 
ARMY OF THE UNITED STATES 


OR many years it has been taught that coronary artery disease primarily 

affects patients in middle life, but that it may occur infrequently in younger 
people. It has become apparent, however, that the incidence of coronary artery 
disease in young people is greater than is generally realized. It is possible 
that in many cases of coronary artery disease in young people where certain 
significant symptoms are present, the physician may be misguided in his diag- 
nosis or may be lulled into a false sense of security solely because of the youth 
of the patient. In many eases severe disability or even fatality may result. 


REPORT OF CASE 


History.—A 25-year-old white man was admitted to the Station Hospital at 10:45 a.M., 
on Feb. 7, 1945, in a semicomatose state. He was disoriented, cyanotic, and apparently in 
moderate shock. Approximately two hours after admission, when he was able to speak, he 
stated that he was well until one-half hour before admission, when he felt a pain around 
his heart, associated with some shortness of breath. These symptoms became progressively 
more severe, until he felt that he had to lie down. The last thing he remembers was 
stretching out on the ground outside the building in which he was working. Within a few 
minutes he was found, unconscious, by several of his fellow workers. He was bleeding 
from the nose and showed marked blueness of the hands and face. His pulse was said to 
be imperceptible. The breathing was deseribed as very shallow, quickly becoming very 
irregular and weak. The blueness of the face and hands increased. After the adminis- 
tration of artificial respiration breathing improved considerably and the patient was brought 
to the hospital. 

The history revealed that the patient had been a mechanic in civilian life, and was 
inducted into the Service in February, 1942. He smoked cigarettes moderately, drank a 
large amount of beer, and occasionally went on an alcoholic bout. He did not take any 
drugs. His father, mother, and one sister were living and well. An uncle on the paternal 
side had died of a heart attack at the age of 40 vears. There was no other history of 
chronic or familial disease. He had had the usual childhood diseases, but no other illnesses 
except infrequent upper respiratory infections. He denied any venereal disease. He also 
stated that beginning approximately one month prior to this episode of fainting he noticed 
pain in the chest, localized under the breastbone, which occurred only following or during 
exertion, such as walking, physical training, or heavy lifting. He described the pain as 
a cramping sensation similar to muscle cramps. There was no radiation and the pain was 
definitely relieved by rest. He could not recall experiencing any attacks of pain while at 
rest. Although for two weeks prior to admission to the hospital, he was unable to keep up 
with his physical training periods because of the quick onset of this cramping sensation, 
he did not seek medical advice. He also stated that he had felt vague pains through his 
arms and legs during the month preceding admission. These pains were not related to the 
chest pain or to activity. 3 

Physical Examination._—On admission the patient was disoriented, confused, and very 
anxious. He was stocky and heavyset. His height was 71 inches, and his weight was 180 
pounds. His skin was cold and clammy; there was moderate cyanosis of the lips, face, and 
nail beds. The pupils were widely dilated and reacted sluggishly to light. There was 
evidence of fresh bleeding from the nose. The mouth and throat were normal. There was 
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no neck rigidity and no enlargement of the cervical nodes or of the thyroid. The lungs 
were essentially normal. The heart was not enlarged; the rhythm was regular and the 
rate was 74 beats per minute. The sounds were of good quality and no murmurs nor frie- 
tion rub were heard. The blood pressure was 130/78. The abdomen was normal. There 
was incontinence of feces. The musculoskeletal system was essentially normal, and all re- 
flexes were present and equal, bilaterally. There was no impairment of any of the 


eranial nerves. 


Fig. 1.—Electrocardiogram taken four hours after first episode of syncope. 


Course.—Within two hours after the acute episode, the patient was feeling much bet 
ter but still complained of a slight pain in the chest, substernally. The temperature, pulse, 
and respirations were all normal. The skin was warm, there was no evidence of cyanosis, 
and the patient was well oriented and rational. An electrocardiogram (Fig. 1) taken at 
this time revealed a regular sinus rhythm, a rate of 88 beats per minute, a deep §8,, and 
inversion of T,. The electrocardiogram was interpreted as being within normal limits. 
The patient was kept on absolute bed rest and given phenobarbital, 114 grains, at bedtime. 
On Feb. 8, 1945, the day following the acute episode, he complained of a persistent, mild 
substernal pain. This symptom recurred on several occasions during the following weeks. 
It was noted at this time that the patient had a rather large conjunctival hemorrhage in 
the right eye. ‘he external ocular muscles, vision, and fundi were found to be normal. 
The blood pressure was 146/78. All reflexes were present and equal. There was no evi- 
dence of any neurological pathology and no derangement of the cranial nerves. The patient 
remained on complete bed rest from Feb. 7, 1945, until Feb. 20, 1945. During this period 
the temperature remained consistently normal. The white blood count, taken on Feb. 8, 
1945, revealed 8,200 white blood cells, with 52 per cent polymorphonuclears, 44 per cent 
lymphocytes, 2 eosinophiles, and 2 monocytes. The sedimentation rate was 7 mm. in one 
hour. On Feb. 13, 1945, the test revealed 7,400 white blood cells, with 50 per cent poly- 
morphonuclears, 48 per cent lymphocytes, and two eosinophiles. The sedimentation rate 
was 6 mm. in one hour. The Kahn test for syphilis was negative. The electrocardiogram 
taken Feb. 12, 1945 (Fig. 2), was interpreted as being within normal limits. In the ab- 
sence of physical or laboratory findings of myocardial injury, the patient was allowed to 
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increase his activity gradually, and to get out of bed on Feb. 21, 1945. On Feb. 25, 1945, 
he was given a two-hour pass to visit his barracks. He returned within a short time, 


stating that he had had to stop and rest three times in a distance of approximately two 
bloeks because of precordial pain. The patient was again put on bed rest. At 7 A.M., on 
March 4, while still in bed, he complained of severe substernal pain, and in a few minutes 
went into acute circulatory collapse. He was given oxygen and % grain of morphine, intra- 
venously, but did not improve. He developed a gallop rhythm and expired thirty minutes 


after the onset of the precordial pain. 


Fig. 2.—Electrocardiogram taken Feb. 12, 1945. 


Necropsy.—Post-mortem examination revealed that the abnormal findings were con- 
fined entirely to the heart and aorta. A considerable fatty layer over the pericardial sac 
was cut through and the heart was exposed. There was a normal amount of clear yellowish 
fluid within the pericardial sac. The heart appeared to be of normal size, and weighed 
380 grams. The right ventricle was relaxed and flabby; the left ventricle was firm and 
moderately contracted. The epicardium was smooth. The relationship between the mus- 
culature of the right and left ventricles was normal. Upon opening the heart several smal] 
clots which weré not adherent to the endocardium were observed in the left ventricular 
chamber. The endocardium throughout both ventricles appeared smooth and glistening. 
The papillary muscles were normal. There was no evidence of old or recent myocardial 
sear formations. All the valves were found to be smooth and free. In the first portion of 
the ascending aorta a moderate amount of soft, atheromatous plaque formation was present 
on the wall of the vessel for a distance of approximately 2 inches above the valve. These 
plaques extended into the mouth of the left coronary artery. On opening the left coronary 
artery, an organized yellowish white thrombus was found, firmly adherent to the wall and 
extending from the mouth downward for a distance of approximately 11% inches. On 
peeling away this thrombus, considerable arteriosclerotic changes were observed in® the 
endothelial lining of the coronary artery. It was impossible to pass a very fine probe into 
the artery because of the thrombus. The right coronary artery was patent and free 
throughout, allowing free passage of the probe, but, when the artery was opened there 
were observed, for a distance of approximately 2 inches from its mouth, seattered small 
areas of endothelial arteriosclerotic changes. Microscopic examination revealed no evi- 
dence of myocardial damage, either old or recent. 


Lead 2. 
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DISCUSSION 


This report concerns a 25-year-old white man whose history indicated that 
he had had angina pectoris for approximately four weeks, and then developed 
a sudden episode of syncope, from which he recovered quickly. The physical 
findings were essentially normal. After this acute episode he continued to 
have angina pectoris at rest (decubitus) for another four weeks and died 
suddenly one morning while in bed. French and Dock’ state that more than 
100 fatal cases of coronary arterial disease occurring in young soldiers be- 
tween the ages of 20 and 36 years have been reported since the beginning of 
the war. In their excellent survey covering 80 such cases, they concluded 
that the basis of the coronary artery disease in all cases was arteriosclerosis. 
There was no predilection for any race or national origin; presumably the 
most striking predisposing factor was overweight, which was present in 91 
per cent of the subjects. Our patient showed definite arteriosclerotic disease 
which involved both coronary arteries and also the ascending arch of the aorta. 
He was approximately 20 pounds overweight. Another interesting finding 
reported by French and Dock’ in their series of 80 fatal cases was that recent 
myocardial infarction was demonstrated in only 15 of these cases. Fibrous 
myoeardial sears with or without fresh necrosis were found in 39 cases. As a 
result of these findings, they postulated that coronary arteriosclerosis, or coro- 
nary oeclusion without myocardial infarction, is the cause of death in younger 
men more frequently than in older patients. The post-mortem examination 
of our patient showed no evidence either grossly or microscopically of myo- 
cardial sears or recent infarction. It is very likely that, rather than true 
myocardial infarction, in a significant number of cases of coronary artery 
disease, myocardial ischemia, resulting in an abnormal eardiae rhythm, prob- 
ably ventricular fibrillation, is the mechanism causing death. : 

The pathologie findings in our ease admirably fit the concepts and con- 
clusions promulgated by Blumgart and his co-workers.? They found that 
complete coronary occlusion, or considerable narrowing of one or more coro- 
nary arteries, may exist with no evidence of myocardial infarction. This could 
only be true if the occlusion proceeded slowly, allowing sufficient time to elapse 
for the formation of an adequate collateral coronary circulation. They also 
showed that 47 patients suffering primarily from angina pectoris, without evi- 
dence of valvular disease or arterial hypertension, had old complete occlusion 
of at least one major coronary artery at post-mortem examination. In our 
ease, the history of true angina pectoris four weeks prior to the first episode 
of syncope strongly suggests a slowly progressing occlusion of the coronary 
artery. 

It is of interest to speculate about the episode of syneope which brought 
the patient to the hospital and was followed by a five-week period of angina 
pectoris at rest. It is probable that the coronary occlusion resulted in a high 
degree of coronary insufficiency, but not in enough coronary insufficiency to 
produce a gross myocardial infarction. Myocardial ischemia resulting from 
the high degree of coronary insufficiency may very well have brought on an 
abnormal cardiac rhythm resulting in syneope and finally in death. White 
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and his associates,* in their study of 497 cases of angina pectoris, reported 
that in 47 cases the average duration of life after the onset of angina at rest 
was 2.8 years. They wrote: ‘‘Coronary heart disease, whether shown by the 
angina pectoris of temporary coronary insufficiency or by myocardial infare- 
tion with subsequent scarring, is actually ..., in the majority of cases, an 
acute or subacute rather than a chronic disease. This conception .. . is a 
vital one, of tremendous significance both in prognosis and treatment. 

The natural tendency of the heart to establish an adequate collateral coronary 
circulation is the answer.’’ 

The electrocardiograms deserve brief mention. The first, taken four hours 
after the syneopal attack, at a time when the patient seemed to be completely 
recovered clinically except for mild residual, precordial pain, showed only a 
deep 8, and an inverted T,. There was no evidence of RS-T depressions or 
of inversions of the T wave in more than one lead, as would be expected in a 
diagnosis of coronary insufficiency. The second electrocardiogram, taken five 
days later, showed a small diphasie T, and a decrease in the amplitude of §, 
from 5 mm, in the first electrocardiogram to 2 mm. in the second. We do 
not feel that these changes warrant an electrocardiographie diagnosis of coro- 
nary insufficiency. Stewart and Manning,‘ in a detailed analysis of electro- 
eardiograms taken on 500 members of the R. C. A. F. Air Crew, state that 
in 432 an S, with a mean amplitude of 2.8 mm. was present, and that in 140 
of the eases there was a negative or diphasie T,. It is unfortunate that our 
instrument was out of order when we wished to have the patient undergo an 
exercise test. It is quite possible that an electrocardiogram taken immediately 
after exercise would have shown evidence of the coronary insufficiency. 


SUMMARY 


1. Coronary artery disease probably occurs more frequently in young per- 


sons than is generally supposed. 

2. Both clinical and electrocardiographie findings may be normal. 

3. The onset of angina pectoris of effort is the most important single 
prodromal symptom and should be given careful consideration. 

4. A youthful age should not lull the physician into a false sense of 
security. 

5. With the onset of angina pectoris the patient should be considered as 
acutely or subacutely ill, and so treated as to allow the heart to establish an 


adequate collateral cireulation. 
Grateful acknowledgment is made to the Army Museum of Pathology, Washington, 
D. C., for their pathologie studies on the heart in the ease reported. 
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THE WOLFF-PARKINSON-WHITE SYNDROME IN ASSOCIATION 
WITH CONGENITAL HEART DISEASE: 
COARCTATION OF THE AORTA 


Report OF A CASE 


JEROME W. BopLANDER, M.D. 
Los ANGELES, CALIF. 


LECTROCARDIOGRAPHIC evidence of a short P-R interval and bundle 

branch block has been reported in the literature sinee 1915.' In recent 
years, this syndrome has been recognized and reported more and more fre- 
quently. Doubtless, numerous cases have never been reported. Wolff, Park- 
inson, and White? coneluded that this syndrome consisted of functional bundle 
branch block and an abnormally short P-R interval occurring with paroxysms 
of tachycardia in otherwise healthy people. Hunter, Papp, and Parkinson® 
reported 19 cases of their own and reviewed the 90 previously reported cases. 
They found that 18 of these patients and three of their own had cardiae dis- 
ease which was considered incidental. The heart disease reported in associa- 
tion with this syndrome may be classified under the following etiological head- 
ings: rheumatic (mitral and aortic disease), syphilitic, hypertensive, arterio- 
sclerotic (coronary), and thyrotoxic. Coexisting congenital heart disease has 
apparently not been reported. 


Mention has been made as to the age at which this syndrome of short 


P-R interval with bundle branch block has occurred. The youngest patient 


on record in whom the syndrome occurred was a boy, 444 years old. This case 
was reported by Hamburger’ in 1929. 

This report includes the following unusual features: (1) The patient 
whose case history is recorded is apparently the youngest patient in whom 
the Wolff-Parkinson-White syndrome has been reported. (2) It seems likely 
that this is the first instance in which coexisting congenital heart disease has 
been recorded. 

CASE REPORT 

The patient was a white male child born on May 8, 1942. The family history yielded 
no evidence of cardiovascular disease. The child was delivered normally at term and 
weighed 7 pounds, 8 ounces. Nothing abnormal was noticed in the nursery at the hospital 
during the first ten days of his life. When the child was 4 weeks old, he developed an 
acute upper respiratory infection and was referred to a pediatrician for care. Examina 
tion at that time revealed a heart murmur. A roentgenogram of the chest was taken, and 
the mother was told that the child had an enlarged heart which was due to a congenital 
heart defect. The child made an uneventful recovery from the respiratory infection. On Aug. 
14, 1942, another roentgenogram of the chest (Fig. 1) showed marked cardiac enlargement. 

From the Department of Internal Medicine, St. Vincent’s Hospital, Los Angeles, Calif. 
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The child remained perfectly well until Aug. 22, 1942, when, at the age of 14 weeks, 
he had a spell in which he ‘‘ became pale and acted as if he were in a half-faint; his heart 
was pounding and he was blue around the mouth.’’ Hospitalization was recommended, 
and on admission at 6 P.M. the child was noted to be dyspneic, pale, slightly cyanotic, and 
‘*eovered with a cold sweat.’’ The apex beat was regular but very rapid and uncountable. 
There was a loud systolic murmur at the second intercostal space parasternally. There was 
also a systolic murmur at the apex, not transmitted. The blood pressure was 98/82 in the 
right arm and 110/84 in the left arm. The liver was 1% fingerbreadths below the ninth costal 
cartilage and was soft. There was no edema. -At 8:30 P.M. the child looked better. His 
color was good, and there was no dyspnea. The heart rate was 147 per minute. There was 
a moderate blowing systolic murmur at the pulmonic area and a slight systolic murmur 
at the apex. The heart size was described as ‘‘huge.’’ The following diagnosis was made: 
(1) paroxysmal tachycardia, and (2) probable congenital heart disease. 


F.g. 1.—Routine roentgenogram of the chest, Aug. 14, 1942. Note the marked cardiac 
enlargement. 


On Aug. 23, 1942, an electrocardiogram taken after the subsidence of rapid heart 
action was interpreted as ‘‘showing resemblance to the electrocardiogram found in adults 
with coronary artery disease during anginal pain. There was left axis deviation, sinus 
tachyeardia, and S-T-segment and T-wave abnormalities resembling coronary insufficiency ’’ 
(Fig. 2). The possibility of a coronary anomaly was considered. Attention was called to 
the fact that the cardiac enlargement, and S-T-segment, and T-wave abnormalities equld 
possibly be the effects of the tachycardia. The urine was negative. The blood count dis- 
closed a hemoglobin of 73 per cent; erythrocytes, 4,100,000; leucocytes, 12,550, of which 41 
per cent were neutrophiles, 49 per cent were lymphocytes, 8 per cent were monocytes, and 
2 per cent were eosinophiles. A repeat electrocardiogram on Aug. 24, 1942, was exactly 
the same as the one taken the previous day. There were no further attacks of tachycardia; 
the child improved and was permitted to go home after two days of hospitalization. 
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2; see text for details. 


Fig. 3.—Oct. 4, 1944; the Wolff-Parkinson-White syndrome. 
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From that time until April 25, 1945, the child was in good health, with the exception 
of ‘‘short attacks of rapid heart beat,’’ which were noted by the mother, a former student 
nurse. She stated that these attacks seemed to terminate spontaneously. On Oct. 4, 1944, 
the child was brought into the office for a routine physical examination. An electrocardio- 
gram taken at this time showed the characteristic tracing of the Wolff-Parkinson-White 
syndrome (Fig. 3). On Dee. 6, 1944, a routine electrocardiogram showed a normal P-R 
interval and a normal duration of the QRS complex. There were, however, S-T-segment 
and T-wave abnormalities (Fig. 4, 4). On April 17, 1945, the child became pale and 
dyspneic and was brought into the office by his mother, who said that she was certain 


Fig. 5.—Roentgenogram of the chest, June 22, 1945. See text for detailed description. Erosion 
of lower ends of ribs (black arrows). 


‘*that a spell was coming on.’’ She remarked that the heart was pounding and beating 
very rapidly. An electrocardiogram taken at that time showed paroxysmal auricular tachy- 
eardia with a rate of 225 (Fig. 4, B). The child was given *%4 grain of quinidine sulfate 
and the mother was instructed to repeat this dosage every three hours until the heart rate 
slowed. However, within one hour after the initial dose of quinidine, the tachycardia 
disappeared. An electrocardiogram taken the next day showed a normal P-R interval and 
a normal duration of the QRS complex. The S-T-segment and T-wave abnormalities per- 
sisted in this tracing (Fig. 4, C). Since that time numerous spells of tachycardia have been 


aborted by the use of only *%4 grain of quinidine sulfate. 


Physical examination of the child on June 22, 1945, revealed a slight bulge over the 
There was a 


precordium and marked enlargement of the heart to the left on percussion. 
moderate blowing systolic murmur at the pulmonic area and a slight systolic murmur at 
the apex. The aortic second sound and the pulmonie second sound were markedly accen- 
tuated. The blood pressure was 130/60 in the right arm and 120/60 in the left arm. The 
electrocardiogram was typical of the Wolff-Parkinson-White syndrome (Fig. 4, D). A 
roentgenogram of the chest on June 22, 1945 (Fig. 5), was interpreted by Dr. K. 8S. Davis, 


. 
, j 
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St. Vincent’s Hospital, as follows: ‘‘There is marked enlargement of the heart shadow 
especially in the region of the left ventricle. There is also seen some notching at the 
lower ends of the ribs and there is almost a complete absence of the shadow of the aortic 


arch. Roentgen diagnosis: Coarectation of the aorta.’’ 


DISCUSSION OF THE ELECTROCARDIOGRAMS 


The first tracings, shown in Fig. 2, are, I believe, actually characteristic 
of the Wolff-Parkinson-White syndrome. The left axis deviation, S-T-segment 
changes, and T-wave abnormalities mentioned were all part of the pattern of 
bundle branch block. Certain features of this initial tracing were perhaps 
justifiably misinterpreted, for it is only by comparison with later tracings that 
one can recognize the pattern present. Levine® has called attention to the 
errors made in the interpretation of electrocardiograms taken on infants. The 
restlessness and muscular activity of children and their movement of the lead 
wires cause many artifacts, which so distort the tracing that an accurate inter- 
pretation is often impossible. In this particular case, it was only after the 
child was old enough to cooperate that electrocardiograms were satisfactory 
enough to show the Wolff-Parkinson-White syndrome clearly (Fig. 3). Subse- 
quent tracings revealed that at times the cardiac impulse followed the normal 
conduction pathway through the heart, as was evidenced by a normal P-R 
interval and a normal QRS duration (Fig. 4, 4). The association of parox- 
ysmal auricular tachyeardia with this syndrome was demonstrated (Fig. 4, B). 
The pattern (Fig. 4, B) was seen to have reverted to a normal rate following 


the period of tachyeardia on the previous day, after the administration of 34 
grain of quinidine sulfate (Fig. 4, C). The S-T-segment and T-wave abnormal- 
ities in this tracing were no doubt an aftereffect of the paroxysmal tachycardia. 


COMMENTS 


While the Wolff-Parkinson-White syndrome has been considered benign 
by most investigators, it is a generally accepted belief that paroxysms of tachy- 
eardia, to which these patients are susceptible, can cause heart failure and 
even lead to death. Any paroxysmal tachycardia which lasts long enough 
may lead to cardiac decompensation. Therefore, in those cases where cardiac 
disease coexists, the person prone to attacks of paroxysmal tachyeardia is 
confronted with a definite hazard. The prognosis will vary with the ability 
of the physician or patient to stop the tachycardia promptly. Inability to 
terminate the rapid heartbeat will no doubt cause more rapid failure in an 
already diseased heart to which this load is added than in a normal heart. 
It is not unreasonable to state that the Wolff-Parkinson-White syndrome in 
association with a normal heart may be considered benign; however, its ocecur- 
rence in association with other heart disease certainly alters the prognosis. 

The Wolff-Parkinson-White syndrome has been attributed to the existeace 
of an aberrant conduction bundle between the auricles and ventricles. If this 
theory be accepted, then we have in the case presented here not only an 
anomalous conduction system in the heart, but also a congenital heart lesion. 
This conclusion certainly would be in keeping with the well-known fact that 
congenital defects which occur are likely to be multiple. 
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An interesting feature of the case presented here is the erosion of the 
ribs, as seen in the roentgenogram, occurring in a 3-year-old child. Roesler’ 
states that the youngest patient in whom this sign was reported was 6 years 


of age. 
CONCLUSIONS 


1. This report records the occurrence of the Wolff-Parkinson-White syn- 
drome in an infant at the age of 14 weeks. This is apparently the youngest 
patient with this syndrome on record. 

2. The occurrence of a congenital heart lesion in association with the 
Wolff-Parkinson-White syndrome is also reported. 

3. Electrocardiograms showing the typical Wolff-Parkinson-White pattern 
and the paroxysmal auricular tachycardia associated with it are presented. 
The presence of a normal P-R interval and a normal QRS duration in some of 
the tracings shows that the cardiac impulse followed the normal conduction 
pathway through the heart some of the time. 

4. The beneficial effect of quinidine sulfate in this ease was demonstrated. 
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A CASE REPORT OF SIMILAR SYMPTOMS PRODUCED BY 
HYPERACTIVE CAROTID SINUS REFLEX, ANGINA 
PECTORIS, AND MYOCARDIAL INFARCTION 


M. GLENN,t M.C., AND LIEUTENANT COLONEL S. Reap, M.C. 
ARMY OF THE UNITED STATES 


N RECENT years the hyperactive carotid sinus reflex has received increasing 

clinical attention. Its mechanism and the syneopal syndrome produced by 
the vagal, depressor, or cerebral type of reflex have been thoroughly studied 
and deseribed.'* There have also been a number of reports of unusual symp- 
tomatology,* although in most of these syneope is a prominent feature. 


The numerous symptoms most frequently associated with this syndrome 
are mediated through the autonomie nervous system. These are summarized 
in Table I, which is taken from Ferris, Capps, and Weiss.* 


TABLE I. SyMpPTOMS DIRECTLY RELATED TO THE CAROTID SINUS MECHANISM 


(Fainting, dizziness, weakness 


contralatera' 


Convulsions: 
( bilatera! 


Central (Amnesia, cataplexy 
(Sleeplike state 
(Fatigue, weakness 


(Pupillary changes 
Ocular (Strabismus 
(Lacrimation 


Carotid sinus reflex 


syncope may be: (Hyperpnea 


(Apnea 
(Yawning 
(Sighing 


Respiratory 
1. Vagal type 
2. Depréssor type 


3. Cerebral type . 
al typ (Gaseous eructations 


Gastrointestinal (Nausea, vomiting 
(Inereased peristalsis 


(Hypotension 
4 (Peripheral constriction 
Vasomotor (Peripheral dilatation 
(Sweating 


(Bradyecardia 
Cardiec (Arrhythmia 
(Palpitation 
(Numbness, tingling 
Extremities (Convulsions 

(Babinski’s phenomenon 


Received for publication Aug. 15. 1945. 
+Major Glenn died on Dec. 21, 1945. 
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The hyperactive carotid sinus reflex is frequently associated with numerous 
other pathologie conditions, both local and general.’*° Weiss et al. noted 
that ‘‘in 7 of 17 patients subject to the vagal type of syneope there was clinical 
evidence of degenerative change in the heart, and in the group as a whole there 
was a high incidence of generalized cardiovascular change.’’ Sigler® ° pointed 
out that the hyperactive carotid sinus cardio-inhibitory reflex occurs most fre- 
quently and in highest degree in patients with coronary artery disease. He 
has graded the response on the basis of the degree of heart slowing, but ap- 
parently he did not commonly encounter syncope. In his opinion the hyper- 
active cardio-inhibitory reflex occurs with such frequency in these patients that 
testing for it aids in the diagnosis of coronary artery disease. Conversely, a 
syndrome simulating angina pectoris, without coronary artery disease, has also 
been reported as a manifestation of hyperactivity of the carotid sinus in the early 
reports of Weiss and his associates, and more recently by Friedman.’ 

The following case report is of unusual interest because both a hyperactive 


carotid sinus reflex and coronary arteriosclerosis are present and because the 
same symptoms were produced by both conditions and could not be differentiated. 


CASE REPORT 

A white officer, 48 years of age, was admitted to this General Hospital on Jan. 11, 1945, 
from overseas. His history dated back five months, at which time he was overseas when he de 
veloped shortness of breath on moderate exertion. Soon thereafter he developed bilateral 
frontal and parietal headaches, which were associated with exertion and were promptly 
relieved by rest. Later, he also began to have pain at the angles of both jaws. This pain 
also occurred with exertion and was promptly relieved by rest. Five weeks later he de 
veloped attacks of substernal pain associated with shortness of breath and a feeling of 
pressure on his chest, as well as pain in the jaws and head. These attacks were also pre- 
cipitated by exertion and relieved by rest. 

After a week or ten days of these attacks, on Oct. 7, 1944, while walking, he developed 
a severe substernal pain which radiated to the left posterior supra scapular area and was 
severe enough to cause him to break out in a cold sweat. The pain lasted about five minutes. 
Subsequently he was admitted to a hospital. 

Physical examination at that time revealed no cardiac or other abnormality. The blood 
pressure was 130/74. Laboratory tests on several occasions showed the red blood cell count, 
hemoglobin, white blood cell count, differential, urinalysis, and sedimentation rate to be 
normal, X-ray examination showed a normal cardiac silhouette. An electrocardiogram taken 
the day following admission (Fig. 1, @) showed an inverted T, and a deeply inverted 'T’,, but 
no significant changes in the S-T segments. He was considered to have a coronary occlusion, 
and was treated with complete bed rest. During this time he had three mild attacks of sub- 
sternal pressure with radiation to the left shoulder. One attack occurred while he was sitting 
on the edge of the bed, and another occurred while he was helping to make his bed. The 
attacks were quite brief and required no medication, A second electrocardiogram (Fig. 1, b) 
taken nine days after the first showed reversion of the T’ waves to their normal upright 
configuration. Subsequent electrocardiograms continued to show only left-axis deviation. 
A diagnosis of acute coronary thrombosis was made, After five weeks, evacuation was 
begun, first to Paris, subsequently to England. There, after a short period of bed rest, he 
was allowed up and around more freely. 

While in a hospital in England, on Dee. 20, 1944, while lying in bed he developed an 
other acute severe substernal pain, which again caused him to break out in a cold sweat. 
Again there was radiation to the left scapular region, but there was no associated jaw or head 


pain. This time the pain persisted for about one and’ one-half hours, and he was given an 
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intravenous injection for relief. Unfortunately, although this was the most severe attack 
he had had, no electrocardiograms were taken. He left for the United States on December 2: 
and arrived at a hospital in this country on January 4, having had no symptoms in the interim. 
An electrocardiogram taken sixteen days after the severe attack showed only left axis devia- 
tion. The patient was then transferred to this General Hospital. 

The family history revealed no cardiovascular or renal disease. His mother died at the 
age of 65 years from an unknown cause. His father was living and well at the age of 74 
years. 


Fig. 1.—a, Electrocardiogram taken Oct. 8, 1944, twenty-four hours after first severe at- 
tack of substernal pain. Note inverted T: and Ts. 6, Electrocardiogram taken Oct. 17, 1944. 
The a of T: is slightly low, though in subsequent electrocardiograms it was entirely 
normal. 


The patient had influenza complicated by pneumonia in 1918. He had a right hernior- 
rhaphy in 1942. In January, 1944, he developed a left peroneal nerve palsy, for which he was 
being treated as an outpatient. One night when sitting by the fire he noticed that he had 
burned the calf of his left leg. The burn required hospital care, and during this time he 
received injections of thiamine and liver extract, following which the palsy gradually dis- 
appeared. During the two years previous to his present hospitalization, the patient had lost 
about 45 pounds in weight. This weight loss had been gradual and unassociated with any 
symptoms. 

Physical examination at the time of admission to this hospital showed an individual 
who appeared to be older than his stated age. He was well developed and fairly” well 
nourished, though he showed evidence of some weight loss. There was a scar from an old 
burn on the lateral aspect of his left leg. The ocular fundi showed a slight increase in 
tortuosity and streaking of the arteries. The brachial arteries were readily palpable but not 
tortuous. There was no apparent venous distention. The heart was of normal size. The 
sounds were slightly distant but of good quality. A, was louder than P,. No murmur was 
audible, but about one month after admission one observer noted a very soft systolic murmur 


b. 
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localized at the apex. The blood pressure was 130/80. The remainder of the examination, 
including that of the neck, was negative. 

The results of laboratory studies were as follows: hemoglobin, 109 per cent; red blood 
cells, 4,860,000; white blood cells, 7,350; neutrophiles, 53; lymphocytes, 45; eosinophiles, 2. 
The sedimentation rate was 4 mm. per hour by the Wintrobe method. A Fishberg renal 
concentration test showed specific gravities of 1.028, 1.027, and 1.028. The urinalysis was es- 
sentially negative. The blood Kahn test was negative. 

An electrocardiogram taken on admission showed merely a left axis deviation. An 
electrocardiogram taken after exercise revealed a sinus tachycardia of 120; otherwise there 
was no change: 

The interpretation of the x-ray examination of the chest was: ‘‘The heart does not 
appear enlarged. Aorta is slightly elongated and tortuous, and there is a small caleareous 
plaque in the arch. The lungs appear clear.’’ 

During his first month in the hospital, the patient was ambulatory, without great lim 
itation to his activity. He experienced three mild attacks of head and jaw pain, and slight 
shortness of breath. During or after these attacks he experienced palpitation. Exertion was 


not uniformly a precipitating factor. 


Fig. 2.—(Lead IVF) Asystole of 4.5 seconds’ duration following right carotid sinus stimula- 
tion. Original rate was 85 per minute. (Date Feb. 10, 1945.) 


On one occasion while the patient was being examined, it was noted that he had a 
somewhat flushed face, which appeared to be due to a tight collar on his shirt. This, to- 
gether with the unusual symptomatology of jaw pain and head pain, suggested a possible 
hyperactive carotid sinus syndrome. With carotid pressure on either side, the patient spon- 
taneously stated that symptoms of jaw pain and frontal headache similar to his previous 
symptoms were produced. At this time his pulse rate, which had been 60, dropped to 46 per 
minute. 

Carotid sinus stimulation was subsequently employed on several occasions while electro 
cardiographic tracings were being taken and invariably produced attacks of pain of varying 
intensity. On each occasion stimulation of either carotid sinus produced a high degree of 
cardiac inhibition, though stimulation of the right sinus produced more slowing of the heart 
rate. The rate dropped from about 85 per minute to about 50 per minute. Fall in blood 
pressure (130/76 to 100/70) was transient and brief, and not uniformly produced. Syncope 
was never produced, even when stimulation was maintained for as long as sixty seconds. 
On one occasion while the right sinus was being stimulated, the patient had asystole lasting 
4.5 seconds (Fig. 2) and experienced the most severe symptoms. He complained of head 
pain, jaw pain, dizziness, shortness of breath, and ‘‘tingling all over.’’ All his symptoms 
were reproduced except the substernal pain. 

The electrocardiogram (Fig. 2) during the 4.5-second asystole shows both sinus arrest 
and auriculoventricular block. No other changes were produced by the carotid sinus stimu- 
lation. There was little doubt that he had a hyperactive carotid sinus reflex of a type pre- 
dominantly cardio-inhibitory (vagal). 

These findings on carotid sinus stimulation made it difficult to determine whether all 
the symptoms were due to angina pectoris caused by coronary insufficiency and myocardial 
ischemia, or whether some or most of the symptoms were due to a hyperactive carotid sinus. 
The fact remained, however, that stimulation of the carotid sinus reproduced all symptoms 
except the substernal pain which the patient had had on previous occasions. 
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With some evidence of generalized arteriosclerosis, it was not at all improbable that 
the patient had coronary arteriosclerosis. He may have had a myocardial infarction which 
had produced only transient electrocardiographic changes and at this time showed no residual 
changes. 

On Feb. 22, 1945, the patient appeared before an Army Retiring Board. Three days 
later he went fishing, in a motorboat. He had not exerted himself a great deal, but had been 
in the sun for several hours. Just before leaving the boat he was seized by a severe pain in 
the substernal region and felt pain also in the neck and in the jaws. Previous to returning to 
the hospital, within two hours of the attack, he had taken two nitroglycerin tablets, with 


some relief of his pain. 


Fig. 3.—a, Electrocardiogram taken Feb. 26, 1945, twenty-four hours after a severe at- 
tack of substernal pain and pain in neck and jaws. b, Electrocardiogram taken April 2, 1945. 
The records are typical of acute (@) and residual (6) changes of anterior apical myocardial 
infarction. 


On examination he had an anxious appearance, The pulse was regular and of good 
quality. The rate was 82 per minute. The examination of the heart was negative. The blood 
pressure was 138/92. Immediately after examination he was given ™%4 grain of morphine and 
placed on bed rest. In about an hour and one-half a second dose of morphine was admin 
istered and the pain gradually disappeared, though he required another 4 grain of morphine. 
He continued to have some aching and pressure in the precordial region for three to four days. 
Subsequently he had no complaints. Examinations of the heart after this acute episode gvere 
not significant. At no time was a friction rub heard, and at no time did the blood pressure 
fall below 120/80. The average was 136/80. 

Laboratory studies on the day following this attack showed a white blood cell count 
of 10,150 per cubie millimeter, with a differential count of 82 per cent neutrophiles and 18 
per cent lymphocytes. The white count varied between 8,000 and 11,000 for the next four 
weeks. The sedimentation rate was 6 mm. per hour on the day following the attack and rose 


ETT 7 | | } ; 

| 
+++ ++ +++ +++ ++++ ++++ ++ + eae : + +e 
a. b. 


GLENN AND READ: HYPERACTIVE CAROTID SINUS REFLEX 797 


to a peak of 26 mm. per hour on the ninth day following the attack. Following this peak 
it returned to normal levels. 

Electrocardiographiec changes were characteristic of the Q,T, anterior apical type of 
infarction. The record obtained on the morning after the acute episode (Fig. 3, a) showed 
a short Q,, elevation of the S-T, and S-T, segments, and slight depression of the S-T, and 
S-T,; segments. T, and T, were deeply inverted. By March 6, the S-T segments had become 
isoelectric, but T, and T, had become more deeply inverted. This degree of inversion increased 
progressively and remained high until discharge (Fig. 3 b). 

After the mild pains of the first few days, the clinical course was essentially asymp 
tomatic. He was given phenobarbital and aminophylline three times daily. After three weeks 
of bed rest he was allowed up slowly and progressively. He remained asymptomatic except 
for slight tiredness after walking, but his strength rapidly returned. An x-ray film of the 
chest taken on March 29 showed a slight relative prominence of the left ventricular portion 
of the heart but was otherwise negative. He was discharged to his home on April 5, 1945. 


DISCUSSION 


There can be little doubt that while under our observation the patient had 
one quite typical myocardial infarction, probably the result of coronary ocelu- 
sion on the basis of coronary arteriosclerotic disease. It is also probable that 
the episode just prior to his first hospitalization overseas represented more than 
a transient myocardial ischemia and may have been an infarction, though the 
only objective evidence to support this was the one electrocardiogram showing 
inverted T, and T, waves, which had become essentially normal, except for 
left axis deviation, in the electrocardiogram taken nine days later. Sixteen 
days following his second, and most severe, bout of pain overseas, an electro- 
eardiogram was again, or still, normal except for left axis deviation. 

The symptoms in these three attacks were similar to those in numerous 
other attacks he experienced during the month prior to overseas hospitalization 
and during his subsequent course under observation, except that the substernal 
pain was more severe. Many of these attacks were apparently precipitated by 
effort, though some definitely were not. Whether they represented attacks of 
true angina pectoris or hyperactive carotid sinus reflex is a matter for con- 
jecture. They were not entirely typical of either, but had some of the features 
of both. The fact that stimulation of the carotid sinus region reproduced the 
symptoms indicates that this reflex at least was hyperactive, but there is also 
evidence that coronary disease was present. An infarction could hardly be at 
tributed to a hyperactive carotid sinus (ecardio-inhibitory) reflex. 

To enter into a physiologic discussion of the mechanism of production of 
these symptoms in this particular case is beyond the scope of this paper. Suffice 
it to say that probably the same effector end organs were activated both by the 
reflexes initiated by myocardial ischemia and by the hyperactive carotid sinus 
reflex. Though the carotid sinus reflex is mentioned as one of the mechanisms 
affecting myocardial nutrition in Gross and Sternberg’s report of 15 cases of 
myocardial infaretion without demonstrable occlusion of the coronary arteries,* 
this etiological factor has not been proved in any case. In discussing reflexes, 
Gross and Sternberg state: ‘‘Sudden death, which sometimes occurs, may be 
due to eardiae standstill resulting from extreme vagal stimulation, but it is 
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also possible that such vagal stimulation may produce reflex coronary vasocon- 
strietion and myocardial ischemia.’’ 


SUMMARY 


1. A ease report is presented in which a hyperactive carotid sinus reflex 
and coronary arteriosclerosis were present. 

2. The fact that symptoms produced by stimulation of the carotid sinus 
were similar to the patient’s spontaneous symptoms made it impossible to de- 
termine whether they were produced by the hyperactive carotid sinus reflex 
or were true angina pectoris resulting from myocardial ischemia. 


3. During observation the patient had a typical myocardial infaretion. 


REFERENCES 


. Weiss, 8., Capps, Richard B., Ferris, Eugene B., Jr., and Munro, Donald: Syncope and 
Convulsions Due to a Hyperactive Carotid Sinus Reflex. Diagnosis and Treat- 
ment, Arch. Int. Med. 58: 407-417, 1936. 

2. Ferris, Eugene B., Jr., Capps, Richard B., and Weiss, S.: Relation of the Carotid 
Sinus to the Autonomic Nervous System and the Neuroses, Areh. Neurol. & 
Psychiat. 37: 365-384, 1937. 

3. a. Weiss, 8., and Parker, J. P.: The Carotid Sinus in Health and Disease. Its Role in 
the Causation of Fainting and Convulsions, Medicine 12: 297, 1933. 

b. Ferris, E. B., Jr., Capps, R. B., and Weiss, S.: Carotid Sinus Syncope and Its Bear- 
ing on the Mechanism of the Unconscious State and Convulsions. A Study of 
Thirty-Two Additional Cases, Medicine 14: 377, 1935. 

. a. Koffler, Arnold, and Alexander, Stewart F.: The Hyperactive Carotid Sinus Reflex 
Syndrome, New York State J. Med. 40: 1519-1529, 1940. 

b. Craig, Winchell McK., and Smith, Harry L.: The Surgical Treatment of Hyper- 
sensitive Carotid Sinus Reflexes. A Report of Thirteen Cases, Yale J. Biol. & 
Med. 11: 415-422, 1939. 

5. Sigler, Louis H.: Hyperactive Cardioinhibitory Carotid Sinus Reflex, a Possible Aid in 
the Diaznosis of Coronary Disease, Arch. Int. Med. 67: 177-193, 1941. 

. Sigler, Louis H.: The Hyperactive Cardioinhibitory Carotid Sinus Reflex as an Aid in 
the Diagnosis of Coronary Disease. Its Value Compared With That of the Electro- 
eardiogram, New England J. Med. 226: 46-51, 1942. 

. Friedman, Meyer: The Anginal Syndrome as a Manifestation of Hyperactivity of the 
Carotid Sinus, AM. HEART J. 29: 37-43, 1945. 

. Gross, Harry, and Sternberg, William H.: Myocardial Infaretion Without Significant 
Lesions of Coronary Arteries, Arch. Int. Med. 64: 249-267, 1939. 


Abstracts and Reviews 


Selected Abstracts 


Moses, W. R.: The Early Diagnosis of Phlebothrombosis. New England J. Med. 284: 
288 (Feb. 28) 1946. 


The high incidence of phlebothrombosis of the leg veins and the importance of early 
diagnosis are stressed. A simple clinical test is described for differentiating early phlebo 
thrombosis from lesions simulating it. The test consists of two maneuvers. The first 
maneuver comprises a careful search for tenderness in the deep posterior calf by direct com- 
pression with the fingertips in the anteroposterior direction. The second maneuver consists in 
compressing the calf between the fingers and the palm in a lateral direction. In early 
phlebothrombosis this lateral compression is painless or relatively so, as compared with 
the first maneuver. The great majority of lesions simulating incipient thrombosis are accom- 
panied by considerable tenderness on lateral compression. The findings in a case of peripheral 
neuritis, however, may be similar to those in a case of phlebothrombosis; accordingly, a brief 
neurological examination of the extremity is included as the third maneuver. NAIDE. 


Lange, K., and Loewe, L.: Subcutaneous Heparin in the Pitkin Menstruum for the 
Treatment of Experimental Human Frostbite. Surg., Gynec. & Obst. 82: 256 (March) 
1946. 


Previous animal experimentation demonstrated that the timely use of heparin pre 
vented gangrene, whereas untreated control animals uniformly developed gangrene as 


a result of experimentally induced frostbite. Only after at least seventy-two hours does 


organization of the erythrocytes occur in the smaller vessels. The use of heparin early in 
this prethrombotic stage prevents organized thrombi from forming. The authors applied 
these findings to a study of the use of heparin in eight human volunteers in whom artificial 
frostbite was produced. Small areas of frostbite were produced by the use of dry ice. 
Heparin in Pitkin’s menstruum was deposited subcutaneously or intramuscularly. None of 
the volunteers developed any tissue loss while the control lesions showed central necrosis. 
The Pitkin menstruum was designed to regulate the release of water soluble drugs and is 
composed of gelatin, dextrose, glacial acetic acid, and water in definite proportions. 

NAIDE. 


Stevens, C. D., Kotle, J. H., Smith, C. C., and McGuire, J.: The Treatment of Human 
Hypertension With a Kidney Extract. Am. J. M. Se. 211: 227 (Feb.) 1946. 


The authors report the treatment of four carefully controlled, hypertensive patients with 
a kidney extract which contained no renin or angiotoninase activity. A concentrated extract 
was prepared which was of relatively low toxicity. 


Three of the patieats showed during treatment a noteworthy fall in blood pressure, asso 
ciated with fever. The fourth patient, who developed little fever, demonstrated only a slight 
depressor effect. However, blood pressure measurements made during the afternoon peak of 
the fever were not appreciably lower than those made in the morning before the temperature 
began to rise. The two subjects who demonstrated the greatest fall in blood pressure ex- 
hibited hypersensitivity reactions and developed serum precipitins. The fall in blood pressure 
during thiocyanate administration was of the same magnitude as that following the adminis 
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tration of kidney extract in two cases but was not as marked as in the third patient whose 
blood pressure dropped. 

The results obtained with this kidney extract do not recommend its use. Until the 
toxic effect of such kidney extracts can be eliminated, their therapeutic evaluation will be 
difficult and the mechanism of their action will be undetermined. NAIDE. 


Master, A. M., and Eichert, H.: Functional Paroxysmal Auricular Fibrillation. Am. J. 
M. Se. 211: 336 (March) 1946. 


By the term ‘‘uncomplicated or functional paroxysmal auricular fibrillation’’ is meant 
that type in which no evidence of organic heart disease can be demonstrated. This type of 
arrhythmia was not infrequently encountered in Naval personnel. The authors report a series 
of five cases in which the chief presenting symptom was ‘‘ palpitation’’ or ‘‘ pounding of the 
heart.’’ They suggest that many cases which are diagnosed clinically as paroxysmal tachy- 
cardia are actually cases of paroxysmal auricular fibrillation. They also stress the importance 
of psychogenic or nervous factors in the production of paroxysmal auricular fibrillation. This 
was especially true among susceptible individuals who had been placed under unusual stress 
and strain. 

From the standpoint of treatment, removal of the cause is important, particularly 
any factor disturbing the patient’s mental equilibrium. Excessive exertion, mental and 
physical fatigue, lack of sleep, overindulgence in tobacco and coffee, and gastric distention 
should be avoided. They have obtained good results by the administration of digitalis or 
In the absence of quinidine, they have administered potassium acetate, 1 or 2 Gm. 
It is advisable that patients with this functional arrhythmia should be 
BELLET. 


quinidine. 
three times daily. 
discharged from the Navy or retained for limited shore duty only. 


Groedel, F. M., and Miller, M.: Esophago-cardiogram. Exper. Med. & Surg. 4: 26 (Feb.) 
1946. 


The esophagogram contains waves produced by the movements of the heart. It was 
studied as the esophago-cardiogram by the following technique. The tube of Einhorn’s 
cardia dilator was introduced into the esophagus up to the cardia of the stomach, its outer 
end was connected with a microphone, and the system was filled with a few cubic centimeters 
of air. The microphone recorded on a three-string galvanometer simultaneously with Lead CR, 


and the heart sounds. The balloon was drawn out slowly, a record being made every 1 or 2 


inches. 

The esophago-cardiogram obtained with the balloon placed below the level of the left 
auricle is identical with the phlebogram obtained over the jugular bulb with a loaded re- 
It feflects most of the mechanical events occurring during auricular systole and 
The action of the left auricle is represented by a positive 
The ventriculodiastolic 

When the end of the 


ceiver bell. 
diastole and ventricular systole. 
& wave, produced by and reflecting the a wave of the vena cava. 

part of the esophago-cardiogram forms a v wave or a ‘‘v + d’’ wave. 
tube is placed at or above the level of the auricle, the auricular wave is negative because the 
receiver balloon records here the movements of the auricular wall, The ta wave, representing 
probably the closure of the A-V valves, the b waves, caused by the isometric contractions of 
the ventricles, and the ¢ complex, which reflects the isotonic contraction and ejection phase of 
the ventricles, are recorded throughout the esophagus. LAPLACE. 


Borchardt, P. R., and Groedel, F. M.: Intrathoracic Auscultation in the Pneumothorax. 
Exper. Med. & Surg. 4: 34 (Feb.) 1946. 
In order to determine how the physical character of the heart sounds becomes altered 
while traveling from the cardiac surface to the surface of the chest, it is necessary to eliminate 
the lungs and the chest wall and study the heart sounds inside the thorax. Comparison was 
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therefore made of extrathoracic (chest wall) auscultation and intrathoracic auscultation in 
about 50 patients with normal hearts. About 20 were examined during the refilling of a 
therapeutic pneumothorax and the rest were examined during a pneumolysis. Before the op- 
eration was started, phonocardiograms were recorded from various points over the pre- 
cordium. After refilling of a pneumothorax was finished, the needle used for the operation 
was connected directly with the recording microphone by a 3 to 4 em. rubber tube. In the 
patients who had undergone pneumolysis, one of the two cannulae which are inserted after 
the Jacobaeus operation was closed, and the other was connected directly with the microphone. 
Simultaneous electrocardiograms were made. 

It was found that the heart sounds inside the chest have a sonorous character with fre 
quencies averaging 35 cycles per second in comparison with their high-pitched, metallic quality 
outside the chest where their frequencies are about 125 cycles per second for the first sound 
and 100 eycles for the second sound. The additional higher frequencies of the extrathoracice 
sounds are picked up while the sounds travel from the cardiac surface to the surface of the 
hody. 

The first heart sound in the intrathoracic pneumocardiogram consists usually of only 
four cycles representing, respectively, isometric contraction of the right and left ventricles 
and opening of the right and left semilunar valves. The first sound may be preceded by a 
ta-sound (single wave) which originates at the time of closing of the mitral valve. The sec 
ond sound consists of two and, less frequently, three cycles, recording the closure of the two 
semilunar valves. The intrathoracic phonocardiogram frequently contains a third heart 
sound. This demonstrates that the latter actually originates in the heart. The auricular 
contraction sound preceding the first sound is also frequently seen. LAPLACE. 


Ann. Int. Med. 23: 969 (Dec.), 


Aikawa, J. K.: Hypersensitivity and Rheumatic Fever. 
1945. 


This study consists of a very extensive review of the literature pertaining to the 


relation of rheumatic fever to hypersensitivity. 

Part I is concerned with hypersensitivity, antibodies, serum sickness, allergy, and the 
interrelation of these phenomena. The evolution of the concepts of this interrelationship 
is followed through successive reported studies, and the more recent concepts of_ various 


authors are presented. 
Part II is concerned with the literature which presents evidence for a relation be- 


tween hypersensitivity and the rheumatic process. The similarity between some mani- 
festations of rheumatic disease and serum sickness is emphasized, as well as the general 
similarity between histologic changes in rheumatic disease and the proliferative in- 
flammation of connective tissues found in sensitized animals following injection of the 
Included in the review are reports on the treatment of rheumatic sub 


specific irritant. 
jects with salicylates and investigations which have been made to determine a rationale 
T. N. HaArRRIs. 


for such therapy in terms of immunologic reactions. 


Kety, S. S., and Schmidt, C. F.: The Effects of Active and Passive Hyperventilation of 
Cerebral Blood Flow, Cerebral Oxygen Consumption, Cardiac Output and Blood Pres- 
sure of Normal Young Men. J. Clin. Investigation 25: 107 (Jan.), 1946. 


Both active and passive hyperventilation by normal human subjects is accompanied 
by a diminution in cerebral blood flow amounting to 33 to 35 per cent*(average) of the 
control volume flow. Carbon dioxide content, carbon dioxide tension, and hydrogen ion 
content of arterial blood diminish significantly, and the cerebral arteriovenous oxygen 
difference increases. During active hyperventilation cardiac output increases by an aver- 
age of 2 per cent whereas during passive hyperventilation cardiac output decreases 11 per 
cent below the control values. Mean arterial pressure increases 12 per cent above the 
control during active hyperventilation and 8 per cent above the control during passive 
It is of considerable interest that cerebral oxygen consumption is in- 


hyperventilation. 
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ereased by 15 per cent above the control value during active hyperventilation whereas dur- 
ing passive hyperventilation the average change is 0 per cent. The increase in cerebral 
oxygen consumption during active hyperventilation is attributed to an increase in cerebral 
metabolic activity incident to the mental effort involved. The reduction in cerebral blood 
flow during hyperventilation is related to the diminution in carbon dioxide content of the 
blood thus produced. FRIEDLAND. 


Jager, B. V., and Alway, R.: The Treatment of Acute Rheumatic Fever With Large Doses 
of Sodium Salicylate, With Special Reference to Dose Management and Toxic Mani- 
festations. Am. .J. M. Se. 211: 273 (March), 1946. 


The results of the treatment of rheumatic fever by massive doses of sodium salicylate 
are evaluated. In the adult group of 18 patients, clinical and laboratory evidence of 
rheumatic activity appeared to vanish in six patients with initial attacks and in five of 
12 patients with recurrent episodes. In all of the 18 adult patients, rapid symptomatic 
improvement occurred within a few days after therapy was begun. There was no fever 
after the end of the second week. Anemia, which was present in some cases at the time 
of admission, disappeared in every instance during therapy. 

Good results were also obtained in a group of eight children but were not as striking 
as in the adult group. No serious intoxication appeared in any patient whose plasma 
salicylate level was less than 400 mg. per cubie centimeter. Some patients were able to tolerate 
levels above 500 mg. per cubic centimeter for prolonged periods without difficulty. In spite 
of significant prolongation of the prothrombin time, hemorrhagic manifestations were ob- 
served in only one instance. BELLeT. 


Braun, K.: Paravertebral Block and the Electrocardiogram in Angina Pectoris. Brit. 
Heart J. 8: 47 (Jan.), 1946. 


Considering the electrocardiogram as a method of evaluating the coronary circulation, 
the author studied the effect of block of the upper four thoracic paravertebral ganglia in 
a series of twelve patients who had angina pectoris. Four to seven injections were given 
at intervals of three to six days. The first injection utilized novocain, while the remainder 
consisted of novoeain and alcohol. Electrocardiograms were taken before and after treat- 
ment, and,-in seven cases, immediately before and twenty-four hours after the first in- 
jection. 

Eleven patients had abnormalities of the electrocardiogram before treatment. In 
three instances, in which the abnormalities consisted, respectively, of bundle branch block, 
myocardial infarction, and negative T waves in all leads, there was no improvement in the 
electrocardiogram after block. In eight cases, improvement in the electrocardiogram 
oceurred, Improvement was generally maximal at the end of treatment, although in four 
eases a positive effect was present twenty-four hours after the first block. The improve- 
ment could be explained by increase in coronary blood flow due either to a direct effect 
of the block or to abolition of reflex spasm accompanying the relief of pain. No con- 
sistent parallelism was found, however, between the improvement of the electrocardiogram 
and the persistence and severity of the anginal pain. In one case the electrocardiogram 
at first improved, then became more abnormal although the patient was relieved of pain; 
in other cases, the patients had recurrence of angina although the electrocardiogram im- 


proved. LAPLACE. 


Biorck, G.: Hypoxemia Tests in Coronary Disease. Brit. Heart J. 8: 17 (Jan.), 1946. 


The subject of induction of electrocardiographic changes following the administration 
of low oxygen mixtures in the diagnosis of coronary artery disease is discussed. An 
analysis is presented of the results of 350 hypoxemia tests performed on 326 patients, 
of whom 166 were men and 160 were women. The patients were divided into three groups: 
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(1) those in whom there was no suspicion of coronary heart disease, (2) those in whom 
coronary disease was suspected, and (3) those in whom the presence of coronary disease 
was very probable or certain. The criteria for a positive test were the same as those 
established by Levy and his associates in 1938. The technique eniployed was similar to 
that originally described by Levy and his co-workers, inhalation of 10 per cent oxygen 
and 90 per cent nitrogen for twenty minutes, except for minor technical modifications 
of the apparatus which delivered the gas mixture. In attempting to correlate the clinical 
findings with the electrocardiographie changes produced by the hypoxemia tests, the records 
were interpreted without any knowledge of the clinical evidence. The incidence of posi- 
tive tests in Groups 1, 2, and 3 was 3 per cent, 20 per cent, and 30 per cent, respectively. 
However, when the cases in which there were ‘‘coronary’’ cardiographic changes before 
the test were excluded from the calculation, the incidence of positive tests in Groups 1, 
2, and 3 was 2 per cent, 18 per cent, and 23 per cent, respectively. It was also observed 
that the test was positive in only 5 of 18 patients who had healed myocardial infaretion 
and still suffered from angina pectoris. In the opinion of the author the results appear 
to indicate that the value of this test in the diagnosis of coronary disease cannot yet be 
decided in any final sense at this time. WENDKOS. 


Lyons, R. H., and Burwell, C. S.: Induced Changes in the Circulation in Constrictive Peri- 
carditis. Brit. Heart J. 8: 33 (Jan.), 1946. 


The physiologic alterations and adaptations which accompany constriction of the 
pericardium were studied in two patients before and after pericardiolysis. An attempt 
was made to establish correlations between cardiac output, venous pressure, blood volume, 
circulation time, and heart rate. Spontaneous fluctuations in the level of the venous pres- 
sure, as well as sudden alterations of the venous pressure induced by rapid infusions or 
rapid phlebotomy, could be correlated only with blood volume and were found to bear no 
relationship to alterations in the heart rate or cardiac output. Further observations in 
one case following the alternate use of diuretics and sodium chloride seem to indicate that 
the elevated venous pressure, which is a conspicuous feature in constrictive pericarditis, 
is due to mechanisms similar to those which operate in cases of congestive failure without 
pericardial constriction, such as a rise in blood volume due to retention of sodium. The 
authors also speculate upon the adaptive mechanisms which occur in constrictive peri- 
carditis and emphasize that a high venous pressure in this condition, unlike circumstances 
in which diastolic failure of the heart is due to tamponade by fluid in the pericardium, 
cannot be an effective compensation for the reduced cardiac output. On the other hand, 
the beneficial effect of tachycardia, either spontaneous or induced, is demonstrated from 
measurements of cardiac output and venous pressure. The authors also emphasize that 
since digitalis may induce slowing of the sinus rate, this drug is contraindicated in the 
treatment of constrictive pericarditis before adhesions are released. WENDKOS, 


Schnitzer, R., and Gutmann, D.: Myxedema With Pericardial Effusion. Brit. Heart J. 8: 
25 (Jan.), 1946. 


In a completely studied case of myxedema associated with marked enlargement of 
the heart shadow and with few signs or symptoms of cardiac failure, the authors present 
data which seemed to confirm the view of previous observers that part of the cardiac 
enlargement in ‘‘myxedema heart’’ is to be ascribed to an associated pericardial effusion. 
In their case, the presence of pericardial effusion was established by paracentesis with 
removal of 60 c.c. of straw-colored fluid from the left side of the pericardium. Serial 
electrocardiograms were made during the period of observation. The disappearance of 
the low voltage of all the electrocardiographic deflections in the standard limb leads and 
the return of the heart shadow to normal diameters following treatment with thyroid 
extract is explained by the authors as the result of dissipation of the fluid surrounding the 
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heart. The amplitude of the auricular and ventricular deflections in the tracings made 
hefore, during, and after treatment with thyroid extract bore no relationship to the heart 
rate, the increase in voltage occurring without any eardiae acceleration. WENDKOS. 


Lequieme, J., and Denolin, H.: Changes in the Coronary Circulation in the Course of 
Aortic Insufficiency in Young Subjects. Arch. d. mal. du ecceur. 38: 225 (Sept.-Oct.) 
1945. 


Three cases are reported in which attacks of angina pectoris occurred in patients who 
had rheumatic aortic insufficiency. The patients were 14, 15, and 29 years old, respectively. 
The attacks of pain were independent of physical exertion and occurred most frequently 
at night. They were usually accompanied by tachyeardia and increase in blood pressure. 
Electrocardiograms were made during the attacks and revealed transient S-T interval de 
viation similar to the changes induced by effort in patients who have coronary disease. 
The various explanations which have been offered as to the cause of anginal pain in the 
presence of aortic insufficiency are discussed. The author believes that his observations 
favor the view that the pain results from a disproportion between the coronary circulation 
and the work of the heart. LAPLACE. 


Broustet, P., Bergouignan, M., and Leger, H.: Flutter and Auriculo-Ventricular Dissocia- 
tion in a Patient With Myopathy. Arch. d. du ceur. 38: 212 (Sept.-Oct.) 1945. 


The case is presented of a man, aged 54 years, who had long standing progressive 
muscular atrophy of idiopathic type. At an advanced stage of the disease but while he 
was still able to work, the patient began to have manifestations of cardiac insufficiency. 
A physician noted that the pulse rate was 40 per minute, the blood pressure was 220/110, 
and the heart was enlarged. After a month of treatment, the patient returned to work, 
but five months later he was admitted to the hospital because of two episodes of syncope. 
An electrocardiogram revealed auricular flutter with a rate of 200 per minute. The ven- 
tricular complexes were relatively normal but occurred at a rate of 40 per minute and had 
no constant time relationship to the auricular waves. There were no further manifesta- 
tions of cardiac insufficiency and, when last observed, the patient had no symptoms except 
those caused by his muscular dystrophy. No subsequent change occurred in the electro- 
eardiogram and even full digitalization failed to influence the constant auricular and ven- 
tricular rates. The cause of the heart disease responsible for the arrhythmia was not de- 
termined; the authors consider the possibility that it may have been related to the skeletal 
myopathy. LAPLACE. 
Jourdan, F., Froment, R., Gallavardin, L., and Baud, A.: Three Observations on Chronic 

Experiméntal Nodal Rhythm by Surgical Abiation of the Sinus Node. Arch. d. mal. 

du eeur. 38: 197 (Sept.-Oct.) 1945. 


The authors call attention to the fact that the criteria for the diagnosis of nodal 
bradycardia are variable and often uncertain. An investigation was therefore made which 
involved electrocardiographic studies on dogs in which surgical ablation of the sinus node 
had been performed. Two of the dogs were observed over a period of three to four years. 

Variation of the P-R interval with wandering pacemaker occurred only in the first 
months after operation and could be caused to disappear by the injection of atropine. . The 
phenomenon is regarded as an effect of vagal tonus and in that respect is comparable to 
sinus arrhythmia. Polymorphism of the P waves, however, was more or less constant and 
could not be abolished by atropine. 

There occur occasionally in cases of pure nodal rhythm, blockage of the P waves and 
atypical ventricular complexes which are not premature and therefore suggest ventricular 
eseape. Physiologic vagal tonus appears responsible for these anomalies. It seems indeed 
to exert a much more marked effect on nodal rhythm than it does on sinus rhythm, A 
more unusual occurrence is sudden doubling of the rate or an abrupt lengthy pause which 
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is suggestive of sinoauricular block in sinus rhythm. In the absence of any more precise 
explanation of its cause, this type of block may be regarded as a peculiarity of both the 
sinoauricular and auriculoventricular nodes, LAPLACE. 


Raynaud, R.: Hypertensive Accidents Following the Injection of Acetylcholine. Arch. d. 
mal. du ceur. 38: 217 (Sept.-Oct.) 1945. 


The injection of acetylcholine has been found to occasionally produce transient hyper- 
tension. An instance of this reaction is reported in the case of a woman 63 years old. 
The patient had sustained a sudden left hemiplegia. A half hour later, the author admin 
istered an injection of 0.20 Gm. of acetylcholine. Within twenty minutes, the blood pres 
sure increased from 140/80 to 220/120, and the patient had an attack of acute pulmonary 
edema. Venesection, sedation, and the intravenous administration of ouabain were fol- 
lowed by recovery and return of the blood pressure to its previous level. 

The acetylcholine which was used in this case had been in the possession of the author 
for seven years. It is pointed out that although the characteristic action of acetylcholine 
is to lower the blood pressure, the drug may cause marked hypertension when it is no 
longer fresh. It is possible that acetylcholine may also elevate the blood pressure when 
given following the administration of atropine. The author has been unsuccessful, how- 
ever, in eliciting this reaction in normal subjects. He emphasizes the danger involved in 
using old solutions of acetylcholine, deterioration of which was undoubtedly the cause of 
the serious complication encountered in his patient. LAPLACE. 


Berconsky, I., and Newman, J.: Mitral Stenosis and Arterial Hypertension. Rev. argent. 
de ecardiol, 12: 94 (May-June) 1946. 


In view of existing divergence of opinion regarding the significance of the co-existence 
of mitral stenosis and arterial hypertension, a study was made of 150 patients, 74 with 
mitral stenosis and 76 with mitral disease. 

Arterial hypertension as indicated by a blood pressure of 150/90 or higher was present 
in 28 per cent of the total group. Its incidence among women was twice that encountered 
among men. In patients over 40 years of age the incidence of hypertension was 50 per 
cent. The association of mitral stenosis and hypertension appeared about twice as fre 
quently among Jewish patients as compared with non-Jewish patients. : 

It is concluded from this study that arterial hypertension has the same incidence 
among patients who have mitral disease as occurs in the general population, and that the 
ussociation therefore does not depend upon factors peculiar to the valvular disease. 

LAPLACE. 


Cohen, S. M.: The Surgical Management of Peripheral Vascular Disorders, Post-Grad. M. 
J. 22: 1 (Jan.) 1946. 


This is a review of surgical procedures used in the treatment of spastic and organic 
arterial diseases, costoclavicular compression thrombosis, erythromelalgia, and posttraumatic 
painful states. Diagnostic methods used in the study of patients with peripheral vascular 
diseases are discussed. The usefulness of sympathectomy in the various disorders is evaluated. 

NAIDE. 


Cohen, 8S. M.: The Surgical Management of Peripheral Vascular Disorders. II. Vascular 
Trauma. Post-Grad. M. J. 22: 50 (Feb.) 1946. 


This is a review of advances and trends in the treatment of vascular injuries. Gen 
eral rules regarding ligation following arterial injury are outlined. The management of 
the consequences of arterial contusion is described. The author reviews and describes his 
own approach to the management of traumatic arterial spasm, Volkmann’s contracture, 
vascular repair and vein grafting, false aneurysm, and arteriovenous fistula. The manage- 
ment of the ischemic extremity in a patient who has suffered a vascular injury is outlined. 
NAIDE. 
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744 
Dissection, acute, coarctation and, of aorta 
associated with pregnancy, 247* 
Disturbances, multiple, of rhythm and con- 
duction and unusual auricular T 
wave in case of myocardial in- 


hemo- 


farction (Miller and Perelman), 
501 
Diuretics, mercurial; intolerance as shown 
by skin sensitivity, 378* 
thromboplastic properties of some 
(Macht), 460 
Drugs, certain, effect of, upon cardiotoxic 


lesions of digitalis in dog (Kyser 
et al.), 451 
arteriosus, patent, complicated by 
presence of multiple congenital 
cardiac defects, cure of subacute 
bacterial endarteritis by ligation 
in patient with (Ziegler), 231 
Dystrophy, progressive muscular, changes in 
musculature of gastrointestinal 
tract and in myoeardium in, 242* 


Duetus 


| | 
| 
243* 
| 
| 
| 
| 


SUBJECT INDEX S15 


Cont 


E | Electrocardiographie 

Edema, hunger, circulation failure in, 383% | effects of injury at endocardial surface of 
paroxysmal pulmonary, consequent to | ; left ventricle (Bayley), 677 

stimulation of cardiovascular re- | studies during and after pneumococeus 

ceptors (Luisada and Sarnoff), pneumonia (Thomson et al.), 565 


270, 282, 293 Electrocardiography, practical clinical, 
pulmonary, . following bilateral vagotomy, | evaluation of use of multiple 


studies on pathogenesis of | versus single precordial leads in 
(Reichsman), 590 conjunction with three limb leads 
general considerations on mechanism of for (Manchester and Ethridge), 
(Luisada and Sarnoff), 303 633 
Effusion, pericardial, or empyema, _peri- 
sardial tamponade from _ stab 
wound of heart and; study utiliz- 
ing method of right heart cathe- 
terization (Warren et al.), 418 
pericarditis with, following infections of 
upper respiratory tract (Nathan 
and Dathe), 115 
Einthoven electrocardiogram, method for 
construction of vectoreardiogram 


Electrogram of cardiae ventricle, action of 
heat and cold on different compo- 
nents of, 107* 

Emboli in retinal arteries, clinical differen- 
tiation of, from endarteritis, 245 

Embolism, pulmonary, is there vagal pul- 
monocoronary reflex in? (Mali- 
now et al.), 702 

ligation of inferior vena cava for pre- 

vention of, 243* 
from (Howard), 191 | Emetine, effects of, on heart, 379° 

Ejection, cardiac, action of, on venous re- | Emphysema, pulmonary, following  pro- 
turn, 655* longed positive pressure respira- 


Electrocardiogram, abnormal, following re- | tion (Carr and Essex), 68 
covery from paroxysmal tachy- | spontaneous mediastinal (Palatucci and 
vardia (Ward), 645 Knighton), 364 


abnormalities in, following hemolytic | Empyema, pericardial effusion or, pericardial 
streptococcus sore throat, 658* | tamponade from stab wound of 
EKinthoven, method for construction of heart and; study utilizing method 
vectorcardiogram from (Howard), | of right heart catheterization 


191 (Warren et al.), 418 
paravertebral block and, in angina _ pec- Encephalitis, meningo, rheumatic heart dis- 
toris, 802* - ease associated with, 113* 
prognostic value of, 661 (B. Rev.) Endarteritis, clinical differentiation of em 
Electrocardiograma, valor  pronostico del, boli in retinal arteries from, 245% 
661 (B. Rev.) Endocardial actinomycosis, clinical arrest of, 
Electroecardiograms in traumatie shock in after forty-four million units of 


man, 244* 
normal, in cardiovascular disease (Paz- 
zanese and Bertacchi), 35 
of normal men, analysis of time relation- 
ships with cardiac cycle in; I. 


penicillin (Mae Neal et al.), 668 
and subendocardial degeneration; mural 
thrombi, and thromboses of the- 
besian veins, presence and patho- 
genesis of, in eardiae failure 


Duration of Q-T interval and its fronr causes other than myocardial 
relationship to  cyele length infarction (Flynn and Mann), 
(R-R interval) (Sehlamowitz), 757 
329 surface of left ventricle, electrocardio- 
II. Duration of T-P interval and graphic effects of injury at 
its relationship to eycle length (Bayley), 677 
(R-R- interval) (Schlamowitz), Endoearditis, bacterial, coincidence of auric- 
464 ular fibrillation and (MeDonald), 
III. Duration of P-R interval and 308 
its relationship to cycle length ineffectiveness of penicillin in some 
(R-R interval) (Sehlamowitz), eases of, 380* 
473 with perforation and death from car- 
Electrocardiographie bigeminal rhythms diac tamponade, congenital de- 
(Parsonnet et al.), 75 fect of aortic vestibule complica- 
changes following heat stroke, 385*- ted by (Medalia and Drapiewski), 
in acute glomerulonephritis (LaDue and 103 : 
Ashman), 685 enterococeal, clinical arrest in, 382 
in eases of infectious hepatitis (Dehn experimental, rheumatic-like and bacterial 
et al.), 183 in rats, 111* 
in pericarditis associated with uremia human, Actinomyces septicus from (Ble- 
(Keith et al.), 527 vins and Mae Neal), 663 
in serub typhus fever (Hollander), 481 subacute bacterial, penicillin treatment of, 
resulting from phosphorus poisoning 384*, (Monroe), 651, 658” 


109% 


(Dathe and Nathan), 98 Streptococcus s.b.e. in, 3! 


516 


Enterococeal endocarditis, clinical arrest in, 
382* 

Epinephrine, acetylcholine and, action of, on 
turtle ventricle, 381* 

Esophago-cardiogram, 800* 


Ether anesthesia, bilateral cervical vagot- 
omy and sympathotomy in rat 
under (Reichsman), 595 

Etiology and mechanism, massive left 


auricle with special reference to 
(Parsonnet et al.), 438 
Exercise, bed, and early rising, studies of 

cireulation lying and standing, of 
tremor, and of (1); convalescence 
from surgical procedures, 249* 

effect of, on size and shape of T wave 
(Dehn et al.), 188 

step-up, on benches of different heights, 
pulse reaction to performing, 
654* 

test, mild, studies of various physiological 
responses to (II); convalescence 
from surgical procedures, 249* 


Experiments, pharmacologic (III); parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 


vascular receptors (Luisada and 


Sarnoff), 293 


Extrasystoles, epicardial and endocardial, 
configuration of, in chest leads, 
655* 


study of subjective sensations associated 


with (Kline and Bidder), 254 
Extremities, lower, rate and control of 
blood flow through of 


(Goetz), 146 
venous pressures in disorders of venous 
system of, 380* 
sympatheetomized, blood flow in (Goetz), 
168 


F 


Fibrillation, auricular, and bacterial endo- 
earditis, coincidence of (MeDon- 
ald), 308 
functional paroxysmal auricular, 800* 
ventricular (Parsonnet et al.), 769 
Fluoroscope, simple, method for orthodia- 
graphic measurement of  trans- 
verse diameter of heart by means 
of: (Howard), 724 
Flutter and auriculoventricular dissociation 
in patient with myopathy, 804* 
Frostbite, human, experimental subcutaneous 
heparin in Pitkin menstruum for 
treatment of, 799* 


G 


Gastrointestinal tract, changes in muscula- 


ture of, and in myocardium in 
progressive muscular dystrophy, 
949* 

Glomerulonephritis, acute, electrocardio- 


graphie changes in (LaDue and 
Ashman), 685 
Gout and its effect on cardiovascular sys- 


111* 


tem, 


SUBJECT INDEX 


H 


oration on rheumatic fever and 
rheumatic heart disease, 246* 
Headache, typical, of essential hypertension; 
etiological considerations and re- 
port of new form of therapy, 250* 
Heart and other organs, pathologic changes 
in, in scrub typhus fever (Le- 
vine), 315 
atropinized denervated, 
choline on, 382* 
brain and combined acute vascular lesions 


Harveian 


effect of acetyl- 


of, clinical-pathologic study of 
fifteen cases, 248* 

disease, congenital, brain abscess with, 
384* 


Wolff-Parkinson-White syndrome in 
association with: coarctation of 

aorta (Bodlander), 785 
or hypertension, re-examination of vet- 
erans discharged because of, 520* 

effects of emetine on, 379* 

of malaria on (Sprague), 426 

failure, congestive, in scrub typhus (Le- 


vine), 325 
left ventricular, insomnia due to, 385* 
right ventricular congestive, venous 


pressure in patients with (Winsor 
and Bureh), 397 

mechanism of action of jaundice on (Dehn 
et al.), 187 


method for orthodiagraphic measurement 
of transverse diameter of, by 
means of simple  fluoroscope 


(Howard), 724 
myxoma of (Brown), 373 
right, catheterization, circulation in pene- 
trating wounds of chest (Merrill 
et al.), 413 
pericardial tamponade from stab 
wound of heart and pericardial 
effusion or empyema (Warren 
et al.), 418 
auricular, recognition and 
eal significance of, 659* 
stab wound of, and pericardial effusion or 
empyema, pericardial tamponade 
from; study utilizing method of 
right heart catheterization (War- 
ren et al.), 418 
tracheobronchial tree, and inferior vena 
cava of normal dogs, effects of 
positive pressure respiration on 
(Carr and Essex), 61 
Hearts, apparently normal, persistent ventric- 
ular bigeminal rhythm in, 659* 
Heat and cold, action of, on different com- 
ponents of electrogram of cardiac 
ventricle, 107* 
electrocardiographic 
lowing, 383* 
Hemiplegia following carotid sinus stimula- 
tion (Askey), 131 
Hemodynamic changes in salt depletion and 
in dehydration, 660* 


sounds, elini- 


stroke, changes fol- 


SUBJECT INDEX 


Hemodynamics of acute hemorrhage in man 
(Brannon et al.), 407 

Hemolytic streptococcus sore throat, abnor- 
malities in electroeardiogram fol- 
lowing, 658* 

Hemorrhage, acute, in man, hemodynamics 
of (Brannon et al.), 407 

or trauma of limbs, effects of positive 
eircula- 


pressure respiration on 
tion and respiration when com- 
bined with (Carr and Essex), 64 


Hemorrhagic phenomena in serub_ typhus 
(Levine), 325 

shock; definition and eriteria for its diag- 
nosis, 660* 

Heparin, subcutaneous, in Pitkin menstruum 

for treatment of experimental 

human frostbite, 799* 

infectious, electrocardiographic 

changes in cases of (Dehn et al.), 

183 

Hyperactive carotid sinus reflex, angina pec- 
toris, and myocardial infarction, 
vase report of similar symptoms 
produced by (Glenn and Read), 
792 


Hepatitis, 


Hypersensitivity and rheumatie fever, 801* 
Hypertension and diabetes, small adenomas 
of adrenal cortex in, 520* 
critical study of medical treat- 
ment of, 523* 
mitral stenosis and, 805* 
production of, by chronie renal artery- 
nerve stimulation, 246* 
surgical treatment of, 521* 
effect of splanchnic resection periph- 
eral blood flow and reetal and 
skin temperatures in (Stewart 
et al.), 728 
essential, typical headache of; etiological 
considerations and report of new 
form of therapy, 250* 
neurogenic, cireulation in, 


arterial, 


experimental 
110* 
disease or, re-examination of veter- 
ans discharged because of, 520* 

human, treatment of, with kidney extract, 
799 

peripheral blood flow and 
temperatures in 
617 

ange of blood pressure in, 583* 

sodium restriction in diet for, 112* 

studies in; V. Effect of high spinal anes- 
thesia on blood pressure of pa- 
tients with hypertension and far- 
advaneed renal disease—its pos- 
sible relationship to pathogenesis 
of hypertension, 379* 

venous, in man, normal venous pressure 
values and study of certain clini- 
eal aspects of; use of phlebo- 
manometer (Winsor and Burch), 


207 
oot 


heart 


rectal and skin 
(Stewart et al.), 


S17 
Hypertensive accidents following injection 

of acetylcholine, 895* 

‘ardiovascular disease, essential, in 

experiences with surgical 

ment of, 245* 
Hypertrophy, cardiac, produced in rabbit by 
arteriovenous anastomosis, effect 
of closure of anastomosis, obser- 
vations relating to, 245* 


man, 
treat- 


Hypoxemia tests in coronary disease, 802* 
I 

In memoriam—Fred M. Smith, 253 

Infancy and early childhvod, pulse rate and 

blood pressure in, 378* 

fatal coronary failure without: 

report of case (York and Bell), 

780 

myocardial, case report of similar symp- 
toms produced by hyperactive 
carotid sinus reflex, angina pec- 
toris, and (Glenn and Read), 792 


Infarction, 


multiple disturbances of rhythm and 
eonduection and unusual auricular 
T wave in case of (Miller and 
Perelman), 501 

presence and pathogenesis of endo- 
eardial and subendocardial de- 
generation, mural thrombi, and 
thromboses of thebesian veins in 


eardiae failure from causes other 
than (Flynn and Mann), 757 
Infections of upper respiratory tract, peri- 
earditis with effusion following 
(Nathan and Dathe), 115 
hepatitis, electrocardiographic 
changes in cases of (Dehn et al.), 
183 ; 
Inferior vena cava, ligation of, for preven- 
tion of pulmonary embolism, 245* 


Infectious 


Infusions, intra-arterial and _ intravenous, 
effect of (I); paroxysmal pul- 
monary edema consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnoff), 
270 


Injury at endocardial surface of left ven- 
tricle, electrocardiographiec effects 
of (Bayley), 677 
potential, cardiac, development 
tour of, 525* 
Insomnia due to left ventricular heart fail- 


and con- 


ure, 385* 

Inspiratory and expiratory resistance, rats 
breathing against (Reichsman), 
603 


resistance, rats breathing against (Reichs- 

man), 601 

and sinoatrial block, with illus- 

trative case (Decherd et al.), 352 

Intolerance as shown by skin sensitivity; 
mercurial diuretics, 378” 

Intra-abdominal pressure and 
venous return, 107 


Interatrial 


regulation of 


| 
| 
| 
| 
| 

— | 
| 
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Intra-arterial infusions, effect of (1); parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 270 

Intravenous, infusions, effeet of (I); par x- 
ysmal pulmonary edema: conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 270 


J 


of action of, on heart 
al.), 187 


K 
Kidney extract, treatment of human hyper- 
tension with, 799* 


L 


and III, unstable T waves in, in 
persons neurocirculatory 
asthenia (Wendkos and Logue), 
711 
chest, configuration of epicardial and endo- 
-ardial extrasystoles in, 655* 
precordial, in childhood; comment on 
presence of double upward de- 
flections in leads from sternal 
region of normal children, 657* 
multiple versus single, evaluation of use 
of, in conjunction with three 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 635 
cardiotoxie, of digitalis 
effect’ of certain drugs 
(Kyser et al.), 451 
377 
of greats cardiac vein, treatment 
of coronary disease with angina 
by pericoronary neurectomy com- 
bined with (Fauteux), 260 
coronary vein in man (Fauteux), 261 
Limb leads, three, evaluation of use of 
multiple versus single precor- 
dial Aeads in econjunetion with. 
for practical clinical electrocar- 
diography (Manchester and 
Ethridge), 633 
extremities, rate 
blood flow 
(Goetz), 146 
M 
Malaria, effects of, on heart (Sprague), 426 
Maternal rubella, congenital defects follow- 
ing, 656* 
and neurogenic elements (II); 
paroxysmal pulmonary edema 
consequent to stimulation of car- 
diovascular receptors (Luisada 
and Sarnoff), 282 
Mechanism, etiology and, massive left auricle 
with special reference to (Par- 
sonnet et al.), 438 


Jaundice, mechanism 
(Dehn et 


Leads II 


in dog, 
upon 


Lesions, 


Letters, 
Ligation 


of 
of 


control 
skin 


and 
through 


Lower 


Mechanical 


SUBJECT INDEX 


| Mediastinal emphysema, spontaneous (Pala- 

tucci and Knighton), 364 

| Medical treatment of arterial hypertension, 

critical study of, 523* 

encephalitis, rheumatic heart 

“ase associated with, 113° 

Mereupurin adminstered orally, further ob- 
servations on use of (Batterman 
et al.), 431 

Mercurial diuretics; intolerance as shown by 
skin sensitivity, 378* 


Meningo dis- 


thromboplastic properties of some 

(Macht), 460 

carcinoma as 

tive pericarditis 

| Logue), 223 

| Method for construction of vectoreardiogram 

from Yinthoven electrocardio- 
gram (Howard), 191 

Mitral valve, calcification of (Fertman and 
Wolff), 580 

Mononucleosis, infectious, electrographic 
evidence of cardiac complications 


cause of constric- 
(Wallace and 


Metastatic 


in, 655* 

special 
fibrilla- 
769 


syndrome, 
ventricular 
al.), 


Morgagni-Adams-Stokes 
reference to; 
tion (Parsonnet et 

(epidemic parotitis), 
sarditis in, 523* 
myocarditis (Felknor and Pullen), 238 
Mural and subendo- 


acute myo- 


Mumps 


thrombi, endocardial 
‘ardial degeneration, and throm- 
| boses of thebesian veins, presence 
and pathogenesis of, in cardiac 
failure from causes other than 
myocardial infarction (Flynn and 

Mann), 757 
Musculature of gastrointestinal tract, 
changes in, and in myocardium 
in progressive muscular dys- 

trophy, 242* 
Myocardial complications of cutaneous diph- 
theria (Kay and Livingood), 744 
infarction, report of similar. symp- 
toms produced by hyperactive 
carotid sinus reflex, angina pec- 
toris, and (Glenn and Read), 792 
of rhythm and 
unusual auricular 
of (Miller and 


case 


disturbances 
conduction and 
T wave in case 
Perelman), 501 


multiple 


presence and pathogenesis of endocar- 
dial and subendocardial degenera- 


mural thrombi, and throm- 
boses of thebesian veins in ¢car- 
diae failure from causes other 
than (Flynn and Mann), 757 

acute, in mumps (epidemic 


523* 


tion, 


Myocarditis, 
parotitis), 
nonspecific, 112* 


mumps (Felknor and Pullen), 258 


| 
| 
| 
| 
| 
| ‘ 


SUBJECT INDEX 


of gastrointes- 
changes in, in 
dystrophy, 


Myocardium, musculature 
tinal tract and, 
progressive muscular 
242° 

massive calcification with 
fication of (Edelstein), 496 
flutter and auriculoventricular 
dissociation in patient with, 804* 
Myxedema with pericardial effusion, 803* 


9 


Myxoma of heart (Brown), 375 


primary, Ossi- 


Myopathy, 


N 
Neurectomy, pericoronary (Fauteux), 265 
combined with ligation of great car- 
diae vein, treatment of coronary 
disease with angina by (Fau- 
teux), 260 
Neurocirculatory asthenia, unstable T waves 
in Leads II and III in persons 
with (Wendkos and Logue), 711 
Neurogenic, mechanical and, elements (II); 
paroxysmal pulmonary edema con- 
sequent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 282 
rhythm, chronie exper'mental. three 
observations on, by surgical abla- 
tion of sinus node, 804* 
Nodules rheumatic 110* 
Normal men, analysis of time relationships 
within cardiac cycle in electro- 
eardiograms (Schlamowitz), 329, 
464, 473 
deficiency, relation of, 
diae dysfunction, 525* 


Nodal 


in fever, 


Nutritional to ear- 


O 


Olive oil, effect of feeding, on absorption 
and deposition of cholesterol 
(VIIL); experimental arterio- 
selerosis, 381* 

Orthodiagraphic measurement of transverse 
diameter of heart, method for, by 
means of simple fluoroscope 
(Howard), 724 

Ossification of myocardium, primary, mas- 
sive calcification with (Edelstein), 
496 

Oxygen consumption, cerebral, cerebral blood 
flow, cardiac output, and blood 
pressure of normal young men, 
effects of hyperventilation of, 
801* 

P wave, pulmonary, comparative study of, 

in chronie mitral and pulmonary 

disease, 108* 

hydrochloride, death 
intravenous administration 

243* 

Paravertebral block and_ electrocardiogram 
in angina pectoris, 802* 


following 
of, 


-apaverine 


| 
| 
| 
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-aroxysmal pulmonary edema consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnoff), 
270, 282, 293 

tachyeardia, abnormal  electrocardiogram 
following recovery from (Ward), 
645 

ventricular tachycardia 

Patent ductus arteriosus complicated by 
presence of multiple congenital 
cardiac defects, cure of subacute 
bacterial endarteritis by surgical 
ligation in patient with (Ziegler), 


23 


(Freudlich), 557 


surgical therapy of, 110* 

Pathogenesis of pulmonary edema following 
bilateral vagotomy, studies on 
(Reichsman), 590 

Pathologie study of thirty-one cases of scrub 
typhus fever with especial refer- 
ence to cardiovascular system 
(Levine), 314 

Penetrating wounds of chest, circulation in; 
study by method of right heart 
catheterization (Merrill et al.), 


endocardial 
forty-four 


Neal et 


of 
after 
of (Mae 


clinical ‘arrest 
actinomycosis 
million units 
al.), 668 
ineffectiveness of, in some cases 
terial endocarditis, 380 
intrapericardial, pneumococeal pericarditis 
treated with, 381* 
Staphylococcus aureus septicemia and peri- 
earditis treated with (Zimmer- 
man and Durgin), 93 
treatment of subacute bacterial endocar- 
ditis, 384* (Monroe), 651, 658* 
and death from cecardiae tam- 
ponade, congenital defect of 
aortic vestibule complicated by 
bacterial endocarditis with (Me- 
dalia and Drapiewski), 103 
Pericardial effusion, myxedema with, 803* 
or empyema, pericardial tamponade 
from stab wound of heart and 
(Warren et al.), 418 
tamponade from stab wound of heart and 
pericardial effusion or empyema 
(Warren et al.), 418 
Pericarditis associated with uremia, 
eardiographic changes in 
et al.), 527 
constrictive, induced 
tion in, 803* 
metastatic earcinoma as cause of 
lace and Logue), 223 
pneumococcal, treated 


Penicillin, 


of bac- 


Perforation 


electro- 
(Keith 


changes in cireula- 


(Wal- 
with intrapericar- 
dial penicillin, 381* 

Staphylococcus aureus septicemia and, 
treated with penicillin (Zimmer- 
man and Durgin), 93 

effusion following infections of 
upper respiratory tract (Nathan 
and Dathe), 115 


with 


Sm 
413 
| 
| 
| 
| 
| 
| 
| 
} 
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Pericoronary neurectomy (Fauteux), 263 
combined with ligation of great cardiac 
vein, treatment of coronary dis- 
ease with angina by (Fauteux), 
260 

Peripheral blood flow and rectal and skin 
temperatures in hypertension 
(Stewart et al.), 617 

effect of splanchnic resection 
(Stewart et al.), 728 

under basal conditions in older 
male subjects with normal and 
elevated blood pressures (Stewart 
et al.), 343 

vascular diseases, blood flow in (Goetz), 

173 

Pharmacologic experiments (III); parox- 
ysmal pulmonary edema _ conse- 
quent to stimulation of cardiovas- 
cular receptors (Luisada and 
Sarnoff), 293 

Phlebomanometer, use of: normal venous 
pressure values and study of cer- 
tain clinical aspects of venous 
hypertension in man (Winsor and 
Burch), 387 

Phlebothrombosis, early diagnosis of, 799° 

Phosphorus poisoning, electrocardiographic 
changes resulting from (Dathe 
and Nathan), 98 

Physicians, coronary artery disease among, 
243* 

Physiological responses, various, to mild ex- 
ercise test, studies of (II); con- 
valescence from surgical proce- 
dures, 249* 

Physiopathology and surgical treatment of 
congenital cardiovascular defects, 
519* 

and blood volume 
bilaterally vagotomized 
(Reichsman), 605 

Plethysmogram of toes during rest (Goetz), 
148 

Pneumococeal pericarditis treated with 
trapericardial penicillin, 381* 

Pneumocoeceus pneumonia, electrocardio- 
graphic changes during and after 
(Thomson et al.), 565 

Pneumonia, pneumococcus, electrocardio- 
graphic studies during and after 
(Thomson et al), 565 

Pneumopericardium, 246* 

Pneumothorax, intrathoracic auscultation in, 
800* 

right and left, considerations of cardiac 
reaction to, 524* 

electrocardiographic 

from (Dathe 


on 


determination in 
rats 


Plasma 


in- 


phosphorus, 
changes resulting 
and Nathan), 98 


Polyarteritis nodosa, 520* 


Poisoning, 


SUBJECT 


INDEX 


Position of arm, effect of change of, upon 
blood pressure (Stein), 477 
Positive pressure respiration, certain effects 
of, on circulatory and respiratory 
systems (Carr and Essex), 53 
P-R interval, duration of, and its relation- 
ship to cycle length (R-R inter- 
val) (III); analysis of time re- 
lationships within cardiac cycle 
in electrocardiograms of normal 
men (Schlamowitz), 473 
leads in childhood; comment on 
presence of double upward de- 
flections in leads sternal 
region of normal children, 657* 
multiple versus single. evaluation of use 
of, in conjunction with three 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 633 
Pregnancy, cardiopulmonal function during, 
251 (B. Rev.) 
coaretation and acute dissection of aorta 
associated with, 247* 
Prothrombin time in normal subjects and in 
patients with arteriosclerosis, 
study of (Meyers and Poindex- 
ter), 27 
variations in (Meyers and Poindexter), 
29 
Pulmonary arterial pressure in dogs, meas- 
urement of, 107* 
artery, contribution to study of congenital 
dilatation of, 656* 
entire main, persistent right aortic arch 
with atresia of (Herbut and 
Fox), 490 
edema following bilateral vagotomy, stud- 
ies on pathogenesis of (Reichs- 
man), 590 
general considerations on mechanism of 
(Luisada and Sarnoff), 303 
paroxysmal, consequent to stimulation 
of cardiovascular receptors; I. 
Effect of intra-arterial in- 
travenous infusions (Luisada and 
Sarnoff), 270 
II. Mechanical and neurogenic ele- 
ments (Luisada and Sarnoff), 282 
III. Pharmacologic experiments 
(Luisada and Sarnoff), 293 
embolism, is there vagal pulmonocoronary 
reflex in? (Malinow et al.), ,702 
ligation of inferior vena cava for pre- 
vention of, 243* 
stenosis, pure congenital (Freed and Bud- 
nitz), 369 
Pulmonocoronary reflex, vagal, in pulmonary 
embolism? (Malinow et al.), 702 
Pulse rate and blood pressure in infancy 
and early childhood, 378* 
reaction to performing step-up exercise on 
benches of different heights, 654* 


Precordial 


Q 

Q-T interval, duration of, and its relation- 
ship to cycle length (R-R inter- 
val) (I); analysis of time rela- 
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